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GLOSSARY 

ACGIH - American Conference of Governmental Industrial Hygienists 

Acid Volatile Sulfide (AVS) - The most unstable fraction of the three broad classes of sulfides in sediments 
(i.e., AVS, sulfide mineral phase, and organic sulfide associated with organic matter in sediments). AVS is 
associated with the more soluble iron and manganese monosulfides, and has an affinity for many metals 
that are of toxicological concern. 

Advection - Movement as a result of the bulk flow of a fluid. 

Aliphatics - Straight-chain hydrocarbons and their cyclic counterparts. 

Amphipod - A crustacean with a laterally compressed body (e.g., freshwater shrimp). 

Anisotropic -The condition under which one or more of the hydraulic properties of an aquifer vary according 
to the direction of flow. 

Aquifer - Rock or sediment in a formation, group of formations, or part of a formation which is saturated and 
sufficiently permeable to transmit economic quantities of water to wells and springs. 

Aromatics - Chemicals which consist of one or more rings and exhibit properties similar to benzene. 

Artesian - A condition where the water level in a well is higher than the elevation of the top of the aquifer. 
Such a condition can arise as a result of geologic features or topography. 

Assessment Endpoint - Formal expressions of the actual environmental values to be protected. 

ATSDR - Agency for Toxic Substances and Disease Registry. 

AWQC - Ambient Water Quality Criteria. 

BCF - Bioconcentration factor. 

Benthic - Referring to organisms living on or in the bottom sediments. 

Benthos - The bottom sediments and the organisms living there. 

Bioaccumulation - The retention and concentration of chemicals in an organism. 

Bioassay - A test that determines the effect of a chemical on a living organism. 

Bioavailability -The extent and rate at which a substance (e.g., contaminant) is absorbed into a living system 
or is made available at the site of physiological activity. 

Bioconcentration - The accumulation of a chemical in an organism to levels that are greater than the medium 
in which the organisms resides (e.g., fish in water). 

Biomaqnification - The tendency of some chemicals to accumulate to higher concentrations as trophic level 
increases, through dietary uptake. 

BOD - Biochemical Oxygen Demand. 
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Cation - A positively charged atom or group of atoms. 

CDDs - Chlorinated dibenzo-p-dioxins. 

CDFs - Chlorinated dibenzofurans. 

Chronic - Over a long period of time, either continuously or intermittently. 

CLp - Contract Laboratory Program. 

Cot - Chemical of Concern. 

Confining Unit - A body of material of low hydraulic conductivity that is stratigraphically adjacent to (above 
or below) one or more aquifers. 

CRDL - Contract Required Detection Limit. 

CRQL - Contract Required Quantitation Limit. 

.CSJ - Cancer Slope Factor. 

CTJ - Central Tendency Exposure. 

DJI - The angle that a stratum or any planar feature makes with the horizontal, measured perpendicular to 
the strike and vertical plane. 

Divalent Metal - A charged or uncharged metal that has formed two covalent bonds. 

DQOs - Data Quality Objectives. 

Drawdown - A lowering of the water table of an unconfined aquifer or the potentiometric surface of a 
confined aquifer caused by pumping of groundwater from wells. 

Epibenthic - Referring to organisms living on, as opposed to within, bottom sediments. 

Equilibrium - A condition in which no change occurs in the state of a system as long as its surroundings 
are unaltered. 

Equilibrium Partitioning (EqP) Method - The prescribed methodology used to predict the bioavailability of 
metals and nonpolar ionic chemicals present in sediments for use by the U.S. Environmental Protection 
Agency in deriving national sediment criteria. The methodology is based on a chemical’s tendency to 
partition between sediment organic content and water. 

Equipotential Line - A line connecting points of equal hydraulic head. 

Estuary - Drainage channel adjacent to the sea in which the tide ebbs and flows. 

Gneiss - A coarse grained rock with alternating bands of granular minerals and subparallel-oriented 
micaceous minerals. 

HEAST - Health Effects Assessment Tables. 

HI - Hazard Index. - 

D-01-95-10 
*.. 

xxxlll CT0 129 



Revision 1 
March 1997 

HQ - Hazard Quotient. 

Hydraulic Conductivity - An intrinsic property of an aquifer that affects the rate at which a fluid flow through 
the material (a measure of the degree of interconnectedness of the pore spaces and the volume of the pore 
spaces relative to the total volume of the material). The hydraulic conductivity is also a function of the fluid 
under consideration. 

Hvdraulic Gradient - The change in total head with a change in distance in a given direction. The direction 
is that which yields a maximum rate of decrease in head. 

Icp - Inductively Coupled Plasma. 

w - Incremental Liietime Cancer Risk. 

Interstitial Water - The water contained in pore spaced between the grains of sediment. 

.lRJ - Integrated Risk Information System. 

Joint - A planar break in rock without relative movement of rocks on either side of the break. 

Kd - Distribution Coefficient. - 

Kc - Organic carbon partition coefficient. 

&, - Octanol/water partition coefficient. 

L&c - The concentration of material in water to which test organisms are exposed that is estimated to be 
lethal to 50% of the test organisms. The LC,, is usually expressed as a time-dependent value (e.g., 24-h 
or 96-hr LC,,; the concentration estimated to be lethal to 50% of the test organisms after 24 or 96 hr of 
exposure). 

Liiholoqy - The science that deals with the microscopic mineral characteristics of rocks. 

Lowest Observed Adverse Effects Level (LOAEL) - The lowest concentration of a material in water used in 
a toxicity test that has a statistically significant adverse effect ont he exposed population of test organisms 
as compared to the controls. 

Measurement Endpoint - Quantitative expressions of an observed or measured effect of a hazard that 
corresponds to or predicts assessment endpoints. 

MCL - Maximum Contaminant Level. 

MCLG - Maximum Contaminant Level Goal. 

No Observed Adverse Effects Level (NOAEL) - The highest concentration of a material in a toxicity test that 
has no statistically significant adverse effect on the exposed population of test organisms as compared to 
the controls. 

Nonpolar Chemicals - Chemical molecules which have no separation of positive and negative charge (i.e., 
there are not positive and negative poles). 

NTU - Nephelometric Turbidity Units. 

Orqanic Carbon - The amount of organic material in a given medium, usually sediment. 
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OSWER - Office of Solid Waste and Emergency Response. 

Overburden - The upper part of a sedimentary deposit, compressing and consolidating the material below. 
In this report, overburden refers to all materials located between ground surface and the bedrock surface. 

PAH - Polycyclic aromatic hydrocarbons. 

pcB - Polychlorinated biphenyls. 

@ - An alternate way of expressing the H+ ion concentration; pH = -log,o[Ht]. 

Pharmacokinetics - The dynamic behavior of chemicals inside biological systems including uptake, 
distribution, metabolism, and excretion. 

PM10 - Particulate matter with diameters of 10 microns or less. 

Polychaete - An order of primarily marine worms having bristles on the body segments. 

Potentiometric Surface - A surface that represents the level to which water will rise in tightly cased wells. 
If the hydraulic head varies significantly with depth within an aquifer, then there may be more than one 
potentiometric surface for the aquifer. The water table is a particular potentiometric surface for an 
unconfined aquifer. 

QA - Quality Assurance. 

QC - Quality Control. 

Reference Area - A relatively unimpacted (unpolluted) site having essentially the same ecological and 
physical properties used for comparison to the impacted (polluted) site being evaluated. 

RfC - Reference Concentration. 

RfD - Reference Dose. 

RJ - Remedial Investigation. 

RME - Reasonable Maximum Exposure. 

j3PJ - Relative Percent Difference. 

Simultaneouslv Extracted Metals (SEM) - Metals, commonly cadmium, copper, lead, nickel and zinc, that 
form less soluble sulfides than do iron and manganese, and which are at least partially soluble. These 
metals are extracted from a sample simultaneously with the AVS. 

Specific Yield - The ratio of the volume of water a rock or soil will yield by gravity drainage to the volume 
of the rock or soil. Gravity drainage may take many months to occur. 

j3SJ - Soil Screening Level. 

STEL - Short-Term Exposure Limit. 

Stratified Drift - Sorted or layered material deposited by a melt water stream or settled from suspension in 
a body of quiet water adjoining a glacier. 
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Strike -The direction taken by a structural surface, e.g. a bedding or fault plan, as it intersects the horizontal. 

Storativity - The volume of water that an aquifer releases per unlt surface area per unit decline in the 
hydraulic head. 

Subchronic - Of intermediate duration, usually for periods between 5 and 90 days. 

TEFs - Toxicity Equivalent Factors. 

TLV - Threshold Limit Value. 

TOC - Total Organic Carbon. 

Toxicity - Refers to harmful effects resulting from exposure to a toxic substance. 

TPH - Total petroleum hydrocarbons. 

TransmissiviJ - The capacity of an aquifer to transmit water. The hydraulic conductivity multiplied by the 
saturated thickness of the aquifer. 

Trophic Level - Any of the feeding levels through which the passage of energy through an ecosystem 
proceeds. organisms at higher trophic levels feed on organisms at lower trophic levels. 

TWA - Time-Weighted Average. 

m - Upper Confidence Limit. 

Vadose Zone - The unsaturated soil zone above the water table. The void spaces in this zone are only 
partially filled with water (i.e., the moisture content is less than the porosity). 

Water Column - A vertical cross-section (i.e., profile) of a body of water or a columnar cross-section of a 
body of water at a selected location. 
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EXECUTIVE SUMMARY 

/-- 

This Phase II Remedial Investigation (RI) report has been prepared for the Department of the Navy, Northern 

Division Naval Facilities Engineering Command by Brown & Root Environmental (BRE) under Contract 

Number N62472-90-D-1298, Contract Task Order 129. This report summarizes the results of a Phase II 

Remedial Investigation for 13 distinct sites/areas at the Naval Submarine Base - New London (NSB-NLON), 

located in Groton, Connecticut. The 13 sites/areas studied during the Phase II RI are as follows: 

Construction Battalion Unit (CBU) Drum Storage Area - Site 1 

Area A Landfill - Site 2 

Area A Wetland - Site 2 

Area A Weapons Center - Site 20 

Area A Downstream Watercourses and Over Bank Disposal Area (OBDA) - Site 3 

Rubble Fill Area at Bunker A-86 - Site 4 

Defense Reutilization and Marketing Office (DRMO) - Site 6 

Torpedo Shops - Site 7 

Former Goss Cove Landfill - Site 8 

Lower Subase 

Over Bank Disposal Area Northeast (OBDANE) - Site 14 

Spent Acid Storage and Disposal Area (SASDA) - Site 15 

Thames River 

The remainder of this executive summary provides a brief summary of the nature and extent of 

contamination at each of the individual sites/study areas, summarizes the results of the baseline risk 

assessment, and provides recommendations regarding additional investigatory efforts. Each of the 

sites/study areas are discussed in Sections E. 1 through E.13. An overall summary of recommendations is 

provided in Section E.14. 

E.l CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA 

This section presents a summary of major findings for the CBU Drum Storage Area. A summary of the 

nature and extent of contamination is provided in Section E.l.l. Sections E.1.2 and E.1.3 summarize the 

Ih. 
baseline human health risk assessment and the ecological risk assessment for the site, respectively. Section 
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E.1.4 summarizes the comparison of site data to state standards and Section E.1.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

E.l.l Nature and Extent of Contamination 

Various organic and inorganic chemicals were detected in soil and groundwater samples collected at the 

CBU Drum Storage Area site. For the most part, the concentrations encountered were relatively low. For 

example, although various volatile organics were detected in the soil, the concentrations were all less than 

400 pg/kg. The concentrations of semivolatile organics were somewhat higher, particularly those of several 

PAHs, such as fluoranthene with a maximum concentration of 16,000 pg/kg. Other chemicals detected in 

the soil matrix included relatively immobile compounds such as 4,4’-DDT (3,900 pg/kg), Aroclor-1246 

(420 pg/kg), and Aroclor-1254 (360 pg/kg). Inorganic chemicals were detected in the soil samples in 

excess of NSB-NLON background levels. 

Two unfiltered groundwater samples collected from one well at the CBU Drum Storage Area contained 

various organic compounds including chlorobenzene, xyfenes, 4-methylphenol, diethylphthalate, various 

PAHs. Concentrations of these chemicals were all less than 31 pg/L. Various inorganics were also 

detected in the filtered and unfiltered groundwater samples. 

Based on the available analytical results, it is concluded that although some contamination exists at the CBU 

Drum Storage Area, it is essentially negligible. The groundwater sample results indicate that the chemicals 

in soil at the site (which are primarily immobile compounds such as PAHs, pesticides, and PCBs) have not 

impacted the groundwater. 

E.1.2 Baseline Human Health Risk Assessment 

The CBU Drum Storage Area is a relatively isolated site and the baseline human health risk assessment 

focused on exposure scenarios for an older child trespasser and a construction worker. Given current and 

anticipated future land and water use, these receptor groups are considered appropriate for the site. All of 

the noncarcinogenic risks (HIS) for these receptor groups were below unity. Incremental lifetime cancer risks 

were either less than 1 E-6 or well within the USEPA’s target acceptable risk range. Therefore, it is concluded 

that the site poses minimal risk to human health. 

D-01-95-10 ES-2 CT0 129 



Revision 1 
March 1997 

E.1.3 Baseline Ecological Risk Assessment 

The CBU Drum Storage Area is currently characterized by compacted soil that supports limited vegetation 

and provides no habitat for ecological receptors. Using the conservative assumptions discussed in Section 

3.4.4.2, maximum concentrations of contaminants detected in site surface soils (0 to 2 feet) were compared 

to benchmark values protective of various terrestrial ecological receptors. The results of these comparisons 

indicate that chemicals associated with this site could adversely impact terrestrial vegetation, soil 

invertebrates, and terrestrial vertebrates. When the risks associated with the average surface soil 

concentrations were evaluated, risks to these receptors were reduced but still exceeded 1.0. However, 

because of the current site conditions, actual risks to ecological receptors are likely to be much less than 

those calculated for this area. Areas bordering the CBU Drum Storage Area (e.g., the wooded hillside) do 

represent desirable habitat for wildlife. Organisms inhabiting this area may come in contact with soil 

contaminants associated with the site while moving through the area to forage in the nearby Area A Wetland 

or Area A Downstream Watercourses. While potentially exposed to soil contaminants, this exposure is much 

more limited than that considered in this evaluation (see Section 3.4.4.2 for exposure assumptions), thereby 

reducing the actual ecological risks associated with this site. The site is relatively small in aerial extent and 

is characterized by compacted soil which limits the available habitat to ecological receptors. In addition, 

this site is to be capped as part of the Area A Landfill interim remedial action (see Section 5.6.2); capping 

the CBU Drum Storage Area will eliminate the possibility that ecological receptors will come in contact with 

site contaminants. When the current and future site conditions are factored into this evaluation, it is 

concluded that the CBU Drum Storage Area represents little potential risk to ecological receptors. 

E.1.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 5.8. Although not retained as COCs in the baseline human health risk assessment, dieldrin and 

heptachlor epoxide were reported at maxima in excess of Connecticut remediation standards for pollutant 

mobility. This indicates that although detected concentrations were less than human health risk-based COC 

screening levels, these soil compounds may migrate to groundwater and potentially impact water quality. 

For groundwater, minimal exceedances of state standards were observed. Sodium and phenanthrene were 

the only groundwater chemicals which were not selected as COCs in the baseline human health risk 

assessment. No dose-response parameters are available to quantitatively address exposure to these two 

chemicals. It should be noted that the applicable state standard for sodium is a Notification Level of a 

drinking water source. 
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E.1.5 Recommendations 

It is recommended that the CBU Drum Storage Area be considered for no further action based on the 

following information: 

0 The potential source of contamination which was discovered during the 1982 IAS (26 55-gallon 

drums containing waste oil, lube oil, and paint materials) has been removed and no visual 

evidence of contamination remains at the site. 

l Soil and groundwater samples collected in the vicinity of the site yielded, for the most part, 

relatively low concentrations of chemicals. Volatile organic compounds were detected in soil 

samples at concentrations less than or equal to 380 pg/kg. Only two volatile organic 

compounds (chlorobenzene and total xylenes) were detected in groundwater at concentrations 

of 12 and 24 fig/L, respectively. All semivolatile organics compounds in groundwater were 

detected at concentrations less than or equal to 31 pg/L. 

0 The human health risk assessment concluded that carcinogenic risks were all within USEPA 

acceptable risk range of lE-4 to lE-6 or below lE-6. Noncarcinogenic risks were below the 

USEPA acceptable level of one for all receptor groups. 

l The potential for this site to impact ecological receptors from a realistic perspective, is low. 

Although the ecological risk assessment concluded that chemicals associated with this site could 

adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates; the 

calculations were performed using highly conservative estimates. Furthermore, the site is 

relatively small in aerial extent (15 feet wide, 30 feet long) and is characterized by compacted 

soil that supports limited vegetation and terrestrial species. Therefore, the CBU Drum Storage 

Area does not provide a significant habitat for ecological receptors. 

0 The site, which is located within the boundary of the Area A Landfill, will be covered with a low 

permeability cap as part of the planned interim remedial action for the Area A landfill. This cap, 

which is currently under construction, will eliminate the possibility of potential human and 

ecological exposure to soil at the site. Furthermore, the cap will minimize the amount of 

precipitation that could infiltrate through the soil and potentially transport contamination to the 

groundwater. 
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I’-- E.2 AREA A LANDFILL 

This section presents a summary of major findings of the investigations for the Area A Landfill. A summary 

of the nature and extent of contamination is provided in Section E.2.1. Sections E.2.2 and E.2.3 summarize 

the baseline human health risk assessment and ecological risk assessment for-the site, respectively. 

Section E.2.4 summarizes the comparison of site data to state standards and Section E.2.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

E.2.1 Nature and Extent of Contamination 

Relatively high concentrations of various organic and inorganic chemicals were detected in a few soil 

samples collected from the Area A Landfill. Examples included such chemicals as ethylbenzene 

(28,000 pg/kg), xylenes (140,000 pg/kg), chlorobenzene (4,500 pg/kg), Aroclor-1254 (100,000 pg/kg), 

Aroclor-1260 (12,000 pg/kg), and several PAHs. Contamination in the landfill materials appears to be 

relatively sporadic. Many of the soil samples collected exhibited only minimal or no contamination. 

Groundwater samples collected at this site also demonstrated the sporadic presence of organic chemicals. 

Benzene, ethylbenzene, xylenes, dichlorobenzene isomers, naphthalene, 2 methylnaphthalene, 

1,1,2,2-tetrachloroethane, and trichloroethene are some of the compounds detected in the groundwater 

samples. Concentrations of these analytes ranged as high as 1,200 pg/L (chlorobenzene). It should be 

noted that the majority of contamination is limited to the shallow groundwater. Only one deep monitoring 

well, 2LMW13D contained organic compounds. Based on the available analytical results, it is concluded 

that the Area A Landfill contains several potentially mobile chemicals at relatively high concentrations and 

is acting as a source of groundwater contamination. 

E.2.2 Baseline Human Health Risk Assessment 

The baseline human health risk assessment for the Area A Landfill site considered the potential exposure 

of multiple receptor groups (including full-time workers, older child trespassers, and construction workers). 

The assessment demonstrated that construction workers may incur incremental lifetime cancer risks 

exceeding the upper bound of the USEPA’s target risk range (lE-4). Elevated noncarcinogenic hazards 

were estimated for all receptor groups. Based on the results of the risk assessment, it is concluded that the 

Area A Landfill may pose a threat to the public health and to the groundwater at the facility under the 

defined exposure scenarios. All potential toxic effects for the Area A Landfill are attributed to PCBs. 
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E.2.3 Ecological Risk Assessment 

As described in Section 6.3.6, the Area A Landfill currently represents generally limited wildlife habitat due 

to its gravel cover, the pavement covering the landfill’s concrete pad and proximity to areas of high human 

activiiy (e.g., the Area A Weapons Center). The Area A Landfill does border areas that do represent potential 

wildlife habitat or may provide cover for ecological receptors. Using the conservative assumptions discussed 

in Section 3.4.4.2, both the maximum and average concentrations of chemicals detected in surface soils (0 

to 2 feet) collected from this site exceeded benchmark values protective of various terrestrial ecological 

receptors. The results of these comparisons indicate that chemicals associated with this site could adversely 

impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. Potential risks to terrestrial 

vegetation and soil invertebrates were associated with the presence of heavy metals. Potential risks to 

vertebrate species were almost entirely associated with OCDD, a compound closely related to TCDD. These 

results indicate that if the Area A Landfill provided habitat and forage for terrestrial receptors, organisms 

utilizing this area would potentially be at risk. However, because of the current conditions associated with 

this site, actual risks to ecological receptors are likely to be much less then those calculated for this area. 

Areas bordering the Area A Landfill (e.g., the wooded hillside) do represent desirable habitat for wildlife. 

Organisms inhabiting this area may come in contact with soil contaminants associated with the site while 

moving through the area to forage in the nearby Area A Wetland or Area A Downstream Watercourses. 

While potentially exposed to soil contaminants, this exposure is much more limited than that considered in 

this evaluation (see Section 3.4.4.2 for exposure assumptions), thereby reducing the actual ecological risks 

associated with this site. In addition, this area is to be capped (see Section 6.1); capping the Area A Landfill 

will eliminate the possibility that ecological receptors will come in contact with these chemicals. When the 

current and future site conditions are factored into this evaluation, it is concluded that the Area A Landfill 

represents little potential risk to ecological receptors. 

E.2.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 6.6. Although not retained as COCs in the baseline human health risk assessment, ethylbenzene, 

xylenes, phenanthrene, dieldrin and heptachlor were reported at maxima in excess of Connecticut 

remediation standards for pollutant mobility. 

While these compounds may migrate to groundwater and potentially impact water quality, no dose-response 

parameters are available to quantitatively evaluate exposure to phenanthrene, and detected maximum 

concentrations for the remaining chemicals were less than human health risk-based COC screening levels 

for soil ingestion. 
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=h For groundwater, maxima of a few chemicals (xylenes, phenanthrene, copper, sodium, and zinc) exceeded 

the applicable state standards, but were not identified as COCs in the baseline human health risk 

assessment. No dose-response parameters are available to quantitatively address exposure to phenanthrene 

and sodium. It should be noted that the applicable state standard for sodium is a Notification Level for a 

drinking water source. The remaining chemicals were reported at concentrations less than the risk-based 

COC screening levels for tap water ingestion. 

E.2.5 Recommendations 

It is recommended that a “limited action” approach, involving a groundwater monitoring program and 

access/use restrictions be implemented at the Area A Landfill, in addition to the planned Area A Landfill cap. 

This recommendation is based on the following information: 

4 Relatively high concentrations of organic and inorganic chemicals were detected in a few soil 

samples at the site. The soil contamination appears to be located sporadically throughout the 

site. 

0 Groundwater contamination exists at the site and is primarily limited to the shallow groundwater. 

0 Noncarcinogenic hazards exceed the USEPA acceptable limit of one for all receptor groups with 

the exception of the CTE older child trespasser and the CTE full-time employee. Liietime 

incremental carcinogenic risks exceed the upper bound (1 E-4) of USEPA’s acceptable target risk 

range for the construction worker under the RME scenario. Therefore, the landfill may pose a 

threat to human receptors at the facility. This threat is due entirely to the presence of PCBs at 

the site. 

l Chemicals in the soil could adversely impact ecological receptors. It should be noted, however, 

that the site does not provide a desirable ecological habitat and highly conservative assumptions 

were used to evaluate ecological risks. Furthermore, the installation of the cap will eliminate 

risks to ecological receptors. 

,- 

As required by the September 1995 ROD, the Navy is planning to cap the Area A Landfill and to intercept 

the upgradient surface runoff and shallow groundwater before entering the site as part of an Interim 

Remedial Action (IRA). Groundwater at this site will also be monitored as required by the ROD. The 

planned IRA will eliminate the dermal contact exposure route and reduce infiltration and subsequent 

contaminant loading to the groundwater. The IRA was originally intended to address minimization of risk 
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associated with soils at this site pending the outcome of this Phase II RI effort, which would address all 

remaining media. However, the components of the IRA (cap, upgradient surface runoff and shallow 

groundwater interception, and long-term post-closure shallow and deep groundwater monitoring) are 

presently addressing all media of concern identified in this report (soil and groundwater). The need for 

remedial action for groundwater at this site will be evaluated as the results of the groundwater monitoring 

program become available. 

E.3 AREA A WETLAND 

This section presents a summary of major findings of the investigations for the Area A Wetland site. A 

summary of the nature and extent of contamination is provided in Section E.3.1. Sections E.3.2 and E.3.3 

summarize the baseline human health risk assessment and ecological risk assessment for the site, 

respectively. Section E.3.4 summarizes the comparison of site data to state standards and Section E.3.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

E.3.1 Nature and Extent of Contamination 

Various media including surface water, groundwater, sediment, and soil were sampled at the Area A Wetland 

during the Phase II RI. For the most part, very little evidence of groundwater and surface water 

contamination was evident in the samples collected at this site. For example, carbon disulfide (2 pg/L in 

one sample) and xylenes (1 pg/L in one sample) were the only volatile organics detected in groundwater 

samples. Low concentrations of various semivolatile organics were detected in the groundwater. 

Bis(2-ethylhexyl)phthalate was detected at the highest concentration (30.5 pg/L). Only one organic 

chemical (tetrachloroethene) was detected in surface water at the site. This compound was detected in one 

of nine samples obtained at the site, and the concentration was 2 pg/L. 

Several volatile organics were detected in the sediment and soil matrices, although most concentrations are 

also relatively low. The most concentrated volatile organic detected was 2-butanone (1,400 pg/kg). By 

contrast, relatively high concentrations of various PAHs were found in the sediment and surface soil 

samples. Concentrations of these analytes ranged as high as 80,000 pg/kg (fluoranthene). Several 

pesticides and one PCB (Aroclor-1260 at a maximum concentration of 1,500 pg/kg) were also detected in 

the sediment samples. 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT were detected most frequently and at the highest 

concentrations (up to 4,800 pg/kg). Chemicals detected at high concentrations in the solid matrices are 

all considered to be relatively immobile in the environment, as a result of their relatively low solubilities 

and/or high absorption tendencies. 
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E.3.2 Baseline Human Health Risk Assessment 

The baseline risk assessment for the Area A Wetland focused on an older child trespasser and a 

construction worker. Exposure to surface water, soil/sediment, and groundwater were considered. 

Noncarcinogenic risks (HIS) for the construction worker and older child trespasser under the RME scenario 

exceeded unity. However, no toxic effects are anticipated for the older child trespasser since chemicals 

contributing the most to the cumulative risks for this receptor do not impact similar target organs. For the 

construction worker, manganese (groundwater) contributes significantly to the elevated noncarcinogenic 

risks. It should be noted that manganese is relatively abundant in the environment. 

Lifetime incremental cancer risks for the CTE scenarios for the trespasser and construction worker were less 

than lE-6, the lower bound of the USEPA target risk range. Lifetime incremental cancer risks exceeded 

1 E-6 for the RME trespasser (4.2E-5) and the RME construction worker (1.2E-5). Primary contributors to 

the cancer risk estimates for both receptors include PAHs and arsenic. 

E.3.3 Ecological Risk Assessment 

The Area A Wetland is dominated by the reed Phragmites commonis. While providing cover, no wildlife 

species are known to utilize this emergent as a food source. The dominance of the wetland by Phragmites 

diminishes the habitat quality of this area. However, areas near the wetland do provide good habitat for 

ecological receptors that may forage in the wetlands and use it as a source of drinking water. Organisms 

utilizing this area may come in contact with surface water, sediments, and soil contaminants associated with 

the site while searching for food, ingesting water and prey, or burrowing in the soil (e.g., soil invertebrates). 

Using the conservative assumptions discussed in Section 3.4.4.2, the maximum chemical concentrations 

in these three media were compared to benchmark values protective of various aquatic and terrestrial 

ecological receptors. The results of these comparisons indicate that chemicals associated with this site 

could adversely impact aquatic biota, terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. 

When the risks associated with the average concentrations were evaluated, risks to these receptors were 

somewhat reduced but still exceeded 1 .O. These results suggest that chemicals detected in surface water, 

sediment, and surface soil at the Area A Wetland represent a potential risk to both aquatic and terrestrial 

receptors. 
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E.3.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 7.8. Fluoranthene, pyrene, and dieldrin in the soil and sediment samples were not retained as COCs 

in the baseline human health risk assessment, but were reported at maxima in excess of Connecticut 

remediation standards for pollutant mobility. Although detected concentrations were less than risk-based 

COC screening levels, these soil/sediment compounds may migrate to groundwater and potentially impact 

water quality. 

For groundwater, sodium was the only chemical which exceeded a state standard, but was not retained as 

a COC for the human health risk assessment. It should be noted that the applicable state standard for 

sodium is a Notification Level for a drinking water source and no dose-response parameters are available 

to quantitatively address exposure to this chemical. 

Mercury was the only surface water chemical which exceeded the state AWQC for human health, but was 

not retained as a COC in the baseline human health risk assessment. The maximum detections of this 

chemical in unfiltered and filtered surface water samples were less than the risk-based concentration for tap 

water ingestion and only slightly exceeded the state AWQC for consumption of organisms and/or water and 

organisms. 

E.3.5 Recommendations 

It is recommended that the site proceed to a Feasibility Study (FS) to evaluate a “limited action” effort, 

consisting of a groundwater monitoring program and possibly access/use restrictions. This 

recommendation for the Area A Wetland is based on the following information: 

0 Liile evidence of surface water or groundwater contamination is present at the site. Only one 

organic chemical (tetrachloroethene) was detected in surface water at the site. Carbon disulfide 

(2 pg/L in one sample) and xylenes (1 pg/L in one sample) were the only volatile organics 

detected in groundwater samples. Low concentrations of semivolatile organic compounds [the 

highest concentration detected was 30.5 pg/L of bis(2-ethylhexyl)phthalate] were detected in 

groundwater. 

0 Although significant concentrations of PAHs, pesticides, and one PCB were detected in soil and 

sediment samples, these compounds are considered somewhat immobile in the environment. 

Several volatile organic compounds were detected at relatively low concentrations in the soil and 
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sediment. It is also noted that elevated concentrations of PAHs were detected in sample 

location 2WSD9. The location of this sample suggests that the Area A Weapons Center may 

represent the source of contamination. This finding will be discussed further in Chapter 8, 

Site 20 - Area A Weapons Center. 

0 The human health risk assessment concluded that carcinogenic risks were less than lE-6 or 

within the USEPA target risk range of 1 E-6 to lE-4. Noncarcinogenic risks were below the 

USEPA acceptable level of one for the CTE. However, the RME construction worker may 

experience toxic effects since the cumulative HI exceeded one. The human health risk 

assessment assumed that the construction worker would come in direct contact with soil and 

groundwater at the site. It is required (per OSHA standards for work on hazardous waste sites) 

that Health and Safety measures (i.e., personal protective equipment and monitoring) be 

instituted to minimize direct soil and groundwater contact during future construction. Therefore, 

following these health and safety measures would lower the risk to the construction worker to 

acceptable levels. Furthermore, the majority of the construction worker risk is attributable to the 

presence of manganese in groundwater which is a commonly detected inorganic. 

0 The Area A Wetland is dominated by Phragmites which does not provide a food source.to 

ecological species. Although the Area A Wetland provides a good habitat for ecological 

receptor: and potential risks exist for aquatic and terrestrial receptors; the calculations were 

performed using highly conservative estimates. Furthermore, obvious ecological impacts have 

not been observed to date. 

The exact extent of the “limited action” alternative will be developed during the FS phase of this project. 

Groundwater monitoring will likely be the major process option in any limited action remedial alternative 

developed for the Area A Wetland; however, access/use restrictions on certain media at the site may be 

used to augment monitoring in certain limited action plans. The FS will evaluate “limited action” alternatives 

(for instance, monitoring with and without access/use restrictions) as well as a “no action” alternative and 

one or more “active remediation” alternatives. A “limited action” alternative may only be implemented at the 

Area A Wetland if it compares favorably in the feasibility study to other “no action” and “active remediation” 

alternatives. 

E.4 AREA A WEAPONS CENTER 

This section presents a summary of major findings of the Phase II RI for the Area A Weapons Center. A 

summary of the nature and extent of contamination is provided in Section E.4.1. Sections E.4.2 and E.4.3 
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summarize the baseline human health risk assessment and ecological risk assessment for the site 

respectively. Section E.4.4 summarizes the comparison of site data to state standards and Section E.4.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

E.4.1 Nature and Extent of Contamination 

Organic and inorganic chemicals were detected in the various media samples at the Area A Weapons 

Center. The most prevalent chemicals detected included phthalate esters and PAHs. Volatile organic 

chemicals were also detected, but the concentrations were typically quite low. The highest detection of a 

volatile organic chemical in soil was 690 pg/kg (acetone), with most other volatile organic concentrations 

being much lower. By contrast, PAHs were detected at concentrations ranging as high as 5,700 pg/kg in 

the soil matrix. 

Analytical results for groundwater samples indicate that little impact on groundwater has occurred as a result 

of surficial contamination at the site. Few organic chemicals were detected in groundwater, and all 

concentrations were 12 pg/L or less. However, a few metals (most notably manganese at a maximum 

concentration of 6,540 pg/L) were detected at elevated concentrations in the groundwater samples. 

Similarly, surface water results indicate that little impact on surface water quality has occurred. The only 

organic chemicals detected in surface water were di-n-octylphthalate and butylbenzylphthalate (both 2 pg/L 

or less). 

Sediment analytical results are consistent with those for the soil samples; PAHs were detected in sediment 

samples from the three drainage areas at concentrations ranging as high as 6,900 pg/kg (fluoranthene and 

pyrene). Other organics detected in sediment samples included pesticides (e.g., endrin aldehyde at 

140 pg/kg), trichloroethene (22 pg/kg), and methylene chloride (22 pg/kg). The most pervasive and 

concentrated chemicals detected in solid matrices at the site were PAHs, which are ubiquitous chemicals 

often associated with the use of asphalt paving materials or automobile or stack emissions. Numerous 

metals were also detected in sediment samples, with elevated concentrations of a few metals (most notably 

cadmium, lead and manganese). 

Overall, the analytical data indicate that minimal contamination other than that which is often found in urban 

and industrial areas exists at the site. Furthermore, the data for surface water and groundwater samples 

indicate that the site is not acting as a source of contamination for downstream or downgradient locations. 
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E.4.2 Baseline Human Health Risk Assessment 

Three potential receptor groups were considered for the Area A Weapons Center based on current and 

projected future land use. These include full-time employees, construction workers, and potential future 

residents. Both noncarcinogenic and carcinogenic risk estimates were generated for these receptor groups. 

Noncarcinogenic risk estimates for the full-time employee and the construction worker for the CTE were less 

than one. Noncarcinogenic risks for the RME construction worker and potential future residents (CTE and 

RME) exceed the USEPA acceptable level of one. Future residents are assumed to use groundwater as a 

potable water supply, whereas construction workers are exposed to groundwater via dermal contact only. 

The majority of the noncarcinogenic risks are associated with exposure to manganese in groundwater, which 

is a commonly found naturally occurring metal. Arsenic and thallium are additional noncarcinogens of 

concern for the future resident exposed to groundwater. Incremental lifetime cancer risks except for the 

RME future resident, were less than 1 E-8 or within the USEPA’s acceptable target risk range of 1 E-4 to 1 E-8. 

Carcinogenic risks for future residents are primarily attributable to the presence of dibenz(a,h)anthracene 

and arsenic. 

E.4.3 Ecological Risk Assessment 

As described in Section 8.7, the Area A Weapons Center currently represents an undesirable wildlife habitat; 

the site is welldeveloped and characterized by buildings, weapons storage bunkers, paved areas between 

the bunkers and maintained lawns. Drainage ditches in this area typically to not contain standing water for 

any extended period of time and currently do not support an aquatic community. However, the Area A 

Weapons Center does border areas that do represent a potential wildlife habitat. Using the conservative 

assumptions discussed in Section 3.4.4.2, both the maximum and average concentrations of contaminants 

detected in surface water, sediment, and surface soils collected from this site exceeded benchmark values 

protective of various aquatic and terrestrial ecological receptors. The results of these comparisons indicate 

that chemicals associated with this site could adversely impact aquatic biota, terrestrial vegetation, and 

terrestrial vertebrates if present. However, none of the chemicals detected at this site represent a risk to 

soil invertebrates. 

-. / 

However, it should be noted that the primary concern with respect to soil invertebrates and heavy metal 

contaminants is not the direct impact of these contaminants, but the fact that soil invertebrates, particularly 

earthworms, can tolerate these contaminants in their tissues. This is particularly true of cadmium; these soil 

invertebrates are known to greatly concentrate cadmium relative to soil (Beyer, 1990). Therefore, although 

these results suggest that soil invertebrates are not being adversely impacted by soil contaminants detected 
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at this location, it is possible that predators feeding on these organisms may be exposed to soil 

contaminants concentrated in their tissue. 

The results of the ecological risk assessment indicate that with the exception of soil invertebrates, organisms 

using this area would potentially be at risk, assuming that the Area A Weapons Center provided habitat and 

forage for terrestrial receptors. However, because of the current conditions associated with this site, actual 

risks to ecological receptors are likely to be much less then those calculated for this area. For instance, the 

results of this conservative assessment indicated that terrestrial vegetation would be adversely impacted. 

However, the site does support a well-established lawn. Areas bordering the Area A Weapons Center (e.g., 

the nearby upland coniferous/deciduous forest) do represent a desirable habitat for wildlife. Organisms 

inhabiting this area may come in contact with surface water, sediment, or soil while moving through the area 

to forage in the nearby Area A Wetland or upland areas. While potentially exposed to soil contaminants, 

this exposure is much more limited than that considered in this evaluation (see Section 3.4.4.2 for exposure 

assumptions), thereby reducing the actual ecological risks associated with this site. When the current site 

conditions are factored into this evaluation, it is concluded that the Area A Weapons Center represents little 

potential risk to ecological receptors that might utilize this area. However, it should be noted that, due to 

potential transport from this site, contaminants associated with the Area A Weapons Center may be 

impacting organisms inhabiting the Area A Wetland. 

E.4.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 8.8. All soil chemicals reported at maxima in excess of Connecticut remediation standards for 

pollutant mobility were identified as COCs in the baseline human health risk assessment. 

For groundwater, almost all of the chemicals found at concentrations exceeding state standards were 

retained as COCs in the baseline human health risk assessment, except for bis(2-ethylhexyl)phthalate and 

sodium. No dose-response parameters are available for sodium, and it should be noted that the applicable 

state standard for this chemical is a Notification Level for a drinking water source. Although the maximum 

detection of bis(2-ethylhexyl)phthalate exceeded the groundwater protection criteria, the maximum 

concentration of this chemical was less than the risk-based COC screening level. 

-4 

Surface water and sediment data were also compared to state standards. With respect to state AWQC for 

human health, only arsenic was found at a maximum exceeding the applicable criteria. This chemical was 

identified as a COC for surface water in the human health risk assessment. For sediment, 

benzo(k)fluoranthene was reported at a maxima exceeding the pollutant mobility criteria, but was not 
4 
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retained as a COC in the human health risk assessment. Although the maximum of this chemical was less 

than the risk-based COC screening criieria for soil ingestion, this chemical may migrate to groundwater and 

potentially impact water quality. 

E.4.5 Recommendations 

It is recommended that this site proceed to a Feasibility Study (FS) to evaluate a “limited action” effort 

consisting of a groundwater monitoring program and possibly access/use restrictions. This 

recommendation for the Area A Weapons Center is based on the following supporting information: 

0 The potential exists for contaminants to migrate from the site to the Area A Wetland and impact 

ecological receptors. Although notable levels of contamination have been detected in soils and 

sediment at the site, the most prevalent contaminants detected included phthalate esters and 

PAHs, which are relatively less soluble compounds, and are therefore, less mobile. Volatile 

organic chemicals were detected at low concentrations, with the maximum detected volatile 

organic concentration in soil of 696 pg/kg (acetone in one sample). Elevated concentrations 

of PAHs were detected in one of the Area A Wetland sediment samples (2WSD9) which was 

located in a drainage ditch exiting the Area A Weapons Center. Although this suggests that the 

Weapons Center is a contaminant source, it is believed that the contamination is limited in 

extent. This is supported by the fact that Weapons Center sediment sample 2WCSD11, which 

is located immediately adjacent to 2WSD9, only exhibited marginal concentrations of PAHs. 

0 Analytical results indicate minimal contamination of surface water and groundwater. The only 

organic compounds detected in surface water were di-n-octylphthalate and butylbenzylphthalate 

(both at concentrations of 2 pg/L or less). Few organic compounds were detected in 

groundwater samples at the site, and all concentrations were less than 12 pg/L. Manganese 

has been detected in groundwater at elevated concentrations at the site, however this finding 

is consistent with the frequent detection of this chemical element at numerous other sites at the 

facility, and in the proximate Thames River. 

0 Low human health risks are associated with the site, based on the current land use scenario. 

The noncarcinogenic risk estimates were all below the USEPA acceptable level of one for the 

full-time employee and the construction worker under the CTE and above one for the 

construction worker under the RME and potential future resident. The calculated incremental 

lifetime cancer risks were all less than 1 E-6 or within the USEPA acceptable target risk range of 

lE-4 to lE-6, for all scenarios except the RME future resident. The elevated risks to the 
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construction worker and future resident are primarily attributable to exposure to groundwater 

beneath the site. It is unlikely that the future residential and construction worker scenarios that 

were evaluated would occur under future land use. It is required (per OSHA standards for work 

on hazardous waste sites) that health and safety measures (i.e., personal protective equipment 

and monitoring) be instituted to minimize direct soil and groundwater contact during future 

construction. Therefore, following these health and safety measures would lower the risk to the 

construction worker to acceptable levels. It is also unlikely that a future resident would contact 

groundwater beneath the site due to the availability of public water. Eliminating exposure to 

groundwater beneath the site would therefore lower the risk to USEPA acceptable levels. 

Furthermore, the majority of noncarcinogenic risk to the future resident and construction worker 

Is attributable to exposure to manganese, which is a commonly found naturally occurring metal. 

=4 

0 The Area A Weapons Center consists of a well developed area that is characterized by buildings, 

bunkers, paved areas, and lawns. These features represent an undesirable wildlife habitat. 

Therefore, it is highly unlikely that organisms inhabiting the area around the site would spend a 

significant amount of time at the site. Although the ecological risk assessment concluded that 

chemicals at the site could adversely impact ecological receptors, the evaluation performed used 

highly conservative assumptions and the actual risks would be significantly lower. In addition, 

none of the chemicals detected at this site represent a risk to soil invertebrates. When the +3&i 

current site conditions are factored into this evaluation, it is concluded that the Area A Weapons 

Center represents little potential risk to ecological receptors. 

The exact extent of the “limited action” alternative will be developed during the FS phase of this project. 

Groundwater monitoring will likely be the major process option in any limited action remedial alternative 

developed for the Area A Weapons Center; however, access/use restrictions on certain media at the site 

may be used to augment monitoring in certain limited action plans. The FS will evaluate “limited action” 

alternatives (for instance, monitoring with and without access/use restrictions) as well as a “no action” 

alternative and one or more “active remediation” alternatives. A “limited action” alternative may only be 

implemented at the Area A Wetland Site if it compares favorably in the feasibility study to other “no action” 

and “active remediation” alternatives. 

E.5 AREA A DOWNSTREAM WATERCOURSES AND OVER BANK DISPOSAL AREA 

This section presents a summary of major findings of the Phase II RI for the Area A Downstream 

Watercourses. A summary of the nature and extent of contamination is provided in Section E.5.1. 

Section E.5.2 and E.5.3 summarize the baseline human health risk assessment and the ecological risk 
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assessment for the site, respectively. Section E.5.4 summarizes the comparison of site data to State 

standards and Section ES.5 provides recommendations regarding additional action or investigatory efforts 

for the site. 
. 

The Area A Downstream Watercourses and OBDA site were divided into six distinct zones. These zones 

were derived based on surface water drainage features for the evaluation purposes of this Phase II RI. The 

zones are shown on Figure 9-2 and Drawing 23 (Volume Ill). Zone 1 includes the Over Bank Disposal Area 

and OBDA Pond and follows Stream 1 which enters a storm sewer and flows west to the west side of North 

Lake. Zone 2 includes Lower Pond and Stream 3 and circles north and then west to the west side of North 

Lake. Zone 3 includes Stream 4, Upper Pond, and Stream 3 and generally parallels Triton Road to the 

entrance of the Torpedo Shops. Zone 4 includes North Lake. Zone 5 follows Stream 5 from the entrance 

of the Torpedo Shops along Triton Road through the Small Arms Range, across Shark Boulevard, and 

eventually reaching the Thames River. Zone 6 includes an area from the west side of North Lake along 

Stream 6, across Shark Boulevard, and west to Thames River. 

E.5.1 Nature and Extent of Contamination 

Various organic and inorganic chemicals were detected in multiple environmental media samples in the Area 

A Downstream Watercourses and OBDA. Multiple chemicals were detected in various water bodies, 

primarily in the sediment matrix, most notably in Zones 1, 2, and 3. Although many compounds were 

detected, those that are most concentrated include 4,4’-DDT and its metabolites. In addition, the 

concentrations of some metals in the sediments (e.g., arsenic and lead) were also high. Concentrations of 

several metals, particulany boron, iron, and manganese, were higher in surface water samples collected 

during the ecological study than in associated reference samples. Finally, organic chemicals were 

sporadically detected in groundwater; most notably, vinyl chloride was detected in one well at a 

concentration of 130 pg/L. The source of this vinyl chloride Is believed to be associated with historical 

waste disposal from the abandoned Torpedo Shops leach beds sewer disposal system. 

E.5.2 Baseline Human Health Risk Assessment 

Three potential receptor groups were considered for the baseline risk assessment: older child trespassers 

and construction workers at Zones 1, 2, 3, 5, and 6 and adult and child recreational users at North Lake 

(Zone 4). All noncarcinogenic risks for recreational users at North Lake were below the USEPA acceptable 

level of one and all cancer risks were within the USEPA acceptable target risk range of lE-6 to lE-4. 

Noncarcinogenic risks for RME older child trespasser at Zones 1 and 2 exceeded the USEPA acceptable 

level of one. Noncarcinogenic risks for the RME construction worker exceeded one for all zones. All 
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carcinogenic risks were either within the USEPA acceptable target risk range of 1 E-6 to 1 E-4 or less than 

1 E-8. 

Noncarcinogenic risks associated with dermal exposure to groundwater for the construction worker are 

attributed to detections of antimony and manganese; carcinogenic risks for this exposure route are a result 

of exposure to vinyl chloride and 1 ,1,2,2-tetrachloroethane. In general, those chemicals contributing 

significantly to the carcinogenic risks associated with soil/sediment for most zones include 4,4’-DDD, 

4,4’-DDT, arsenic, and beryllium. 4,4’-DDT contributes the most to the overall carcinogenic risks for surface 

water for Zones 1, 2, and 3. Although lead was identified as a chemical of concern, the calculated blood 

lead level associated with this chemical was below the published level of concern. 

E.5.3 Ecoloqicel Risk Assessment 

When the maximum and average concentrations of chemicals detected in surface water and sediments were 

compared to benchmark values protective of aquatic receptors, HQs greater than 1 .O were calculated for 

all of the streams and ponds present in the Area A Downstream Watercourses and OBDA. The pesticide, 

4,4’-DDT and DDT residues (DDTR) often accounted for the majority of the potential risk to these receptors. 

Heavy metals in the sediments also contributed to risk, but generally not to the same degree as that 

associated with the presence of DDT and DDTR. 

The results of macroinvertebrate studies conducted as pan of the Phase II RI supplemental ecological 

investigations demonstrated that the communities in these systems were generally characteristic of with 

those associated with small, ephemeral, first-order systems. The streams in the Area A Downstream 

Watercourses and OBDA supported few taxa and generally exhibited low numbers and limited diversity of 

individuals. These results suggest that conditions associated with the Area A Downstream Watercourses 

and OBDA streams were suppressing the benthic community. 

Comparisons between the macroinvertebrate community in the Upper Pond, OBDA Pond, and Lower Pond 

and the reference ponds also demonstrated that these communities were stressed. The differences between 

the Lower Pond macroinvertebrate community and the community in Niantic Pond (reference location for 

Lower Pond) were marked. In fact, of the waterbodies examined in the Area A Downstream Watercourses 

and OBDA, the macroinvertebrate community present in the Lower Pond exhibited the greatest indication 

of stress. The results of the macroinvettebrate survey conducted in 1995 were generally consistent with 

those documented in the study performed in support of the Focused Feasibility Study; the Area A 

Downstream Watercourses and OBDA macroinvertebrate community exhibited indications of adverse 

impacts as compared to the communities present in the reference locations. 
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Toxicity tests were also performed to document the toxicity of sediments collected from the Area A 

Downstream Watercourses and OBDA waterbodies. Frog embryos and two species of macroinvertebrates 

were exposed to sediments collected in 1995. The results of these tests demonstrated that exposure to 

sediments collected from the Area A Downstream Watercourses and OBDA waterbodies adversely impacted 

both of the macroinvertebrate species (i.e., little or no survival). These results were similar to those studies 

conducted in support of the Focused Feasibility Study which indicated that survival among 

macroinvertebrate test organisms exposed to sediments collected from the three Area A Downstream 

Watercourses and OBDA ponds was significantly reduced. On the other hand, impacts to frog embryos 

exposed to sediments collected in 1995 from all Area A Downstream Watercourses and OBDA locations 

except the OBDA and Lower Ponds were not significantly different from those exhibited by embryos exposed 

to reference sediments. These results, coupled with the results of the macroinvertebrate survey and the 

concentrations of chemicals detected in surface and sediment samples, indicated that the Area A 

Downstream Watercourses and OBDA aquatic macroinvertebrates are at risk. 

Comparison of surface soil (0’ - 2’) contaminant levels to phytotoxic benchmarks determined that no 

chemicals were present in concentrations that resulted in HQ values greater than 1 .O. In addition, none of 

the chemicals detected in surface soils were present in concentrations in excess of benchmark values 

protective of soil invertebrates. 

This ecological risk assessment also assessed the potential risks to terrestrial vertebrate receptors. Both 

maximum and average concentrations of chemicals resulted in HQs greater than 1 .O. Wiih few exceptions, 

the primary means of exposure to contaminants associated with the Area A Downstream Watercourses and 

OBDA was through the ingestion of contaminated prey (e.g., soil invertebrates or frogs). Exposure to 

contaminates in drinking water or through the incidental ingestion of soil or sediments represented little 

potential risk to these receptors. 

These results indicate that, of the various receptors examined in this ecological risk assessment, aquatic 

macroinvertebrates were being most adversely impacted by the contaminants detected in surface water and 

sediments associated with the streams and ponds in the Area A Downstream Watercourses and OBDA. 

Based on the conservative assumptions summarized in Section 3.4, indirect impacts to vertebrate receptors 

as a result of exposure to chemicals through the food chain is also of concern. However, while reducing 

media-specific concentrations of chemicals should lessen the impacts to macroinvertebrate receptors, the 

physical nature of these small, ephemeral systems will ultimately limit the size and diversity of the 

macroinvertebrate population that can be supported by the Area A Downstream Watercourses and OBDA 

waterbodies. 
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E.5.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 9.8. Although not selected as COCs in the baseline human health risk assessment, alpha-chlordane 

(Zone l), gamma-chlordane (Zones 1 and 3) and heptachlor (Zones 1 and 3) were detected in site 

soil/sediment samples at maximum concentrations exceeding the Connecticut remediation standards. While 

these chemicals may migrate to groundwater and potentially impact water quality, reported maxima were 

less than the risk-based COC screening levels for soil ingestion. 

For groundwater, which was evaluated as one entity for the entire site, several exceedances of state 

standards were observed in the unfiltered and filtered samples. All of these chemicals, except sodium and 

zinc, were retained as a COC in the baseline human health risk assessment. No dose-response parameters 

are available to quantitatively evaluate exposure to sodium. It should also be noted that the applicable 

Connecticut standard for this chemical is a Notification Level for a drinking water source.. Although the 

surface water protection criteria was exceeded for zinc in groundwater, the associated maximum detection 

of this analyte was less than the risk-based COC screening criteria for ingestion of tap water. 

Surface water data were compared to Connecticut Water Quality Standards for human health. 4,4’-DDT 

(Zones 5 and 6) and mercury (Zones 1 and 6) were detected at maxima in excess of these state standards, 

but were not identified as COCs in the baseline human health risk assessment. These surface water 

chemicals were not quantitatively evaluated in the risk assessment since maximum detections were less than 

the risk-based COC screening levels for ingestion of tap water. 

E.5.5 Recommendations 

It is recommended that the Feasibility Study that was prepared for this site be revisited to focus on pesticide 

contamination in soil and sediments associated with Zones 1, 2, and 3. Data from this Phase II RI Report 

can be used to define cleanup criteria for the site based on both human health and ecological risks. 

Additional sampling will also be required to better delineate the extent of pesticide contamination and to 

determine the origin of volatile organic contamination in groundwater. Finally, it is recommended that the 

debris associated with the OBDA be removed. This group of recommendations is supported by the 

following information: 

0 Notable detections of pesticides exist in soils and sediments at the site. Soil concentrations of 

pesticides range as high as 1,400,OOO pg/kg (4,4’-DDT) and sediment pesticide concentrations 

range as high as 850,000 pg/kg (4,4’-DDD). -d 
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0 Organic compounds were detected in groundwater at the site and the source is unknown. Well 

2DMW29S detected vinyl chloride as high as 130 pg/L. Further investigation of the origin of this 

contamination is needed. It is possible that the contamination is derived from the abandoned 

Torpedo shops leach field sewer system which is located in the vicinity of this well. Monitoring 

of the groundwater in other wells located at this site are also needed. 

0 The human health risk assessment concluded that noncarcinogenic risks (hazard indices) 

exceeded the USEPA acceptable level of one for the RME older child trespasser for Zones 1 and 

2 and the RME construction worker for all zones. Lifetime incremental cancer risks for all zones 

were either within the USEPA target risk range of 1 E-6 to lE-4 or less than lE-6. The 

noncarcinogenic risks for the construction worker are partially attributable to exposure to 

manganese in groundwater beneath the site. Manganese Is a commonly found naturally 

occurring metal. It should be noted that it is required (per OSHA standards for work on 

hazardous waste sites) that Health and Safety measures (i.e., personal protective equipment and 

monitoring) be instituted to minimize direct soil and groundwater contact during future 

construction. Therefore, following these measures would lower the risk to the construction 

worker to acceptable levels. 

a The ecological risk assessment indicated that the concentrations of DDTR represent a potential 

risk to aquatic organisms. The ecological risk assessment concluded that aquatic biota (benthic 

macroinvertebrates) present in the Area A Downstream Watercourses and OBDA are at risk as 

a result of exposure to contaminants present in surface water and sediments. Vertebrate 

receptors may also be at risk as a result of indirect exposure to site contaminants through 

consumption of prey. Although the physical nature of these small emphemeral systems 

ultimately limits the size and diversity of the aquatic community supported by Area A 

Downstream Watercourses and OBDA waterbodies, the presence of contaminants in surface 

water and sediments, particularly organic contaminants, and the apparent potential for continued 

contaminant migration, represent long term potential risks to aquatic biota. 

It is also recommended that no further action is required for North Lake for the following reasons: 

0 No organic compounds were detected in surface water samples collected during the Phase I or 

II Rls. Organic compounds were detected in surface water samples collected by the Navy, 

however, the concentrations were relatively low. Beach sand comprises the sediment at North 

Lake. 
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0 There does not appear to be direct hydraulic connection between North Lake surface water and 

adjacent groundwater or surface water at the site. Surface water from the Area A Downstream * 
watercourses is diverted around North Lake. 

l North Lake is refilled every year with potable water. 

l All noncarcinogenic risks for recreational users were below the USEPA acceptable level of one 

and all carcinogenic risks were within the USEPA acceptable target risk range of 1 E-6 to 1 E-4. 

Therefore, no unacceptable risks are associated with recreational exposure at North Lake. 

The recommended focused feasibility study report covering site soil, sediments and surface water has been 

submitted as a revised draft (B&R Environmental, December 1996). This document recommends further 

work at the site including additional sampling of soils and sediments to confirm the extent of DDTR 

contamination and to verii the existence of and define the extent of dioxin contamination at the site. In 

addition, the recommended removal of debris associated with the OBDA has been completed. 

E.6 RUBBLE FILL AREA AT BUNKER A-86 

This section presents a summary of major findings of the Phase II RI for the Rubble Fill Area. A summary 

of the nature and extent of contamination is provided in Section E.6.1. Sections E.6.2 and E.6.3 summarize 

the baseline human health risk assessment and ecological risk assessment for the site, respectively. 

Section E.6.4 summarizes the comparison of site data to State standards and Section E.6.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

-+ 

E.6.1 Nature and Extent of Contamination 

Multiple organic and inorganic chemicals were detected in soil and sediment samples collected in and 

around the Rubble Fill Area. Groundwater and surface water samples were found to be relatively pristine 

in spite of the presence of contamination in the solid matrices. This is primarily attributable to the sorptive 

nature of the chemicals found at the highest concentrations in the Rubble Fill Area, which included metals, 

phthalate esters, and polynuclear aromatic hydrocarbons. Based on the detection of high concentrations 

of such chemicals in the sediment matrix (as well as the surface soil) it appears that the Rubble Fill Area is 

contributing to downslope sediment contamination. However, since the swale at the site receives 

stormwater from various locations along Wahoo Avenue, it is possible that other sources (e.g., asphalt 

roadways) could account for some, of the downstream contamination. It should be noted that surface water 
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flows in the site ditch and swale during, and immediately after, precipitation events. Therefore, transport of 

contaminants via surface water erosion would exist only during these circumstances. 

E.6.2 Baseline Human Health Risk Assessment 

The baseline risk assessment for the Rubble Fill Area included consideration of two primary receptor groups: 

construction workers and older child trespassers. Noncarcinogenic risk estimates were below the USEPA 

acceptable level of one for the older child trespasser under the RME and CTE and the construction worker 

under the CTE. Although the noncarcinogenic risk estimate for the RME construction worker slightly 

exceeds one, no adverse effects are anticipated for this receptor since the major contributors to the 

cumulative hazards do not impact the same target organs. Incremental lifetime cancer risks for both 

receptors are within the USEPA’s acceptable target risk range of lE-6 to lE-4 under both exposure 

scenarios. It is therefore concluded that the site poses little risk to human health. 

E.6.3 Ecological Risk Assessment 

The 25 feet by 60 feet Rubble Fill Area currently provides limited habitat for ecological receptors. However, 

habitat bordering this site is more likely to support ecological receptors. Contaminants were detected in 

samples collected from both within and outside the 25 feet by 60 feet area designated as the Rubble Fill 

Area. Using the conservative assumptions discussed in Section 3.4.4.2, the maximum concentrations of 

chemicals detected in surface soils (0 to 2 feet) were compared to benchmark values protective of various 

terrestrial ecological receptors. The results of these comparisons indicate that detected chemicals could 

adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. When the risks 

associated with the average concentrations in surface soil were evaluated, risks to these receptors were 

reduced, but still exceeded 1 .O. A number of the contaminants representing a risk to ecological receptors 

were collected from areas outside the Area A Rubble Fill boundaries. These results indicate that because 

of the current site conditions within the Area A Rubble Fill ecological receptors are unlikely to utilize the area 

and the risks to these receptors are lower then those calculated as part of this investigation. However, 

because a number of contaminants (e.g., arsenic and PAHs) representing a potential risk to ecological 

receptors were detected outside of the Rubble Fill boundaries in ecologically desirable habitats, it is possible 

that ecological receptors are at risk. Until the extent of the contamination at this site is better defined, the 

potential risks to ecological receptors cannot be determined. 
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E.6.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 10.8. Although not retained as COCs in the baseline human health risk assessment, pyrene and 

dieldrin in soil were reported at maxima in excess of Connecticut remediation standards for pollutant 

mobility. Although these compounds may migrate to groundwater and potentially impact water quality, 

maximum detections were less than risk-based COC screening levels for soil ingestion. 

For groundwater, sodium was the only chemical which exceeded state standards, but was not selected as 

a COC in the baseline human health risk assessment. It should be noted that the applicable state standard 

for sodium is a Notification Level for a drinking water source and no dose-response parameters are available 

for this chemical. 

Surface water and sediment samples were also collected at site. Minimal exceedances of state AWQC for 

human health were noted for surface water. All of these chemicals were retained as COCs in the baseline 

human health risk assessment. In sediments, benzo(k)fluoranthene and butylbenzylphthalate were not 

selected as COCs in the baseline human health risk assessment, but were reported at maxima in excess 

of Connecticut remediation standards for pollutant mobility. Although these compounds may migrate to 

groundwater and potentially impact water quality, maximum detections were less than risk-based COC 

screening levels for soil ingestion. 

E.6.5 Recommendations 

It is recommended that further characterization be conducted at the Rubble Fill Area at Bunker A-86 to 

determine the nature and extent of semivolatiles and metals in soil and sediment. Focus should be devoted 

toward linking contamination detected in the rubble fill area soils with contamination detected in the 

sediment of the adjacent ditch to the west and the downslope swale to the northwest. This recommendation 

is based on the following information: 

0 The sediment sampling results indicate the site may be contributing to the downslope presence 

of PAHs and metals. Sediment contamination has been detected in sample 4SD2 which was 

collected at the confluence of the west ditch and the northwest swale. The northwest swale 

receives stormwater runoff from other areas located along Wahoo Avenue and it is possible that 

some of the contamination detected in 4SD2 is derived from these sources. Additional sampling 

is required to determine the contribution of site related sediment contamination. 
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0 The extent of soil contamination is unknown. Several of the soil samples which were located 

along the perimeter of the rubble fill area detected significant levels of PAHs and metals. 

Additional perimeter sampling is required to define the extent of soil contamination. 

Although contamination has been detected in soil and sediment at the site, and it requires further 

characterization, it should be noted that based on the information collected during the Phase I and II Rls, 

relatively low human health and ecological risks are present at the site. This conclusion is supported by the 

following information: 

0 The human health risk assessment concluded that noncancer risk estimates below the USEPA 

acceptable level of 1 .O for all receptor groups except the RME construction worker. Incremental 

cancer risks were all within the USEPA’s acceptable target risk range of lE-6 to lE-4 for all 

receptor groups. 

0 Although the ecological risk assessment concluded that chemicals at the site could adversely 

impact ecological receptors, the evaluation performed used highly conservative assumptions and 

the actual risks would be significantly lower. 

“An upgradient groundwater and surface water interceptor trench is planned to be installed during the 

construction of the Area A Landfill Cap. Excavation of the Rubble Fill Area at Bunker A86 will be required 

to maintain slope requirements of the landfill cap. The Navy intends to remove the Rubble Fill Area as part 

of a time-critical removal action. Confirmation sampling will be conducted to ensure that all potentially 

contaminated material has been removed, and to serve as the recommended further characterization of the 

site. 

E.7 DEFENSE REUTILIZATION AND MARKETING OFFICE 

This section presents a summary of major findings of the investigations for the DRMO. A summary of the 

nature and extent of contamination is provided in Section E.7.1. Sections E.7.2 and E.7.3 summarize the 

baseline human health risk assessment and ecological risk assessment for the site, respectively. 

Section E.7.4 summarizes the comparison of site data to State standards and Section E.7.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 
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E.7.1 Nature and Extent of Contamination 

Relatively high concentrations of multiple organic and inorganic chemicals were detected in the soil matrii 

at the DRMO. Organic chemicals detected at high concentrations include various halogenated aliphatic 

compounds, polynuclear aromatic hydrocarbons, phthalate esters, Aroclor-1254, and Aroclor-1260. Most 

of these classes of chemicals are relatively water insoluble (with the exception of the volatile organics). 

Consequently, only low concentrations of these compounds were detected in groundwater samples collected 

at the site. The maximum observed concentration of the water insoluble organic chemicals in groundwater 

was 20 pug/L (bis(2-ethylhexyl)phthalate). 

In spite of the fact that relatively high concentrations of some volatile organics were detected in the 

subsurface soil, it does not appear that substantial impact on the groundwater has occurred to date. For 

example, although halogenated organics such as 1,2dichloroethene and trichloroethene were detected in 

soil samples at concentrations ranging to 16,000 pg/kg and 7,100 pg/kg, respectively, no evidence of 

substantial impact on groundwater quality has been noted. The maximum concentration of a halogenated 

chemical in groundwater samples was 8 pg/L (1,2dichloroethene and trichloroethene). Even though’ 

groundwater monitoring wells are located less than 100 feet downgradient of the volatile organic 

contamination area, little impact has been noted; no more than 8 pg/L total volatiles were detected in 

groundwater samples from these wells. The absence of halogenated compounds in groundwater is 

probably a function of the salinity of the groundwater in this area (due to the proximity to the Thames River) 

that effectively reduces solubility of organic compounds. 

In addition to the various organic chemicals detected in soil at the DRMO, relatively high concentrations of 

lead still remain in soil after the time-critical removal action was conducted. Surface and subsurface soil 

lead concentrations ranged as high as 4,980 mg/kg and 2,140 mg/kg, respectively. In spite of the high lead 

concentrations in soil, only limited evidence of lead migration to the water table is evidenced by the 

groundwater analytical results. Although lead was detected as high as 52.7 pg/L in one unfiltered sample, 

lead concentrations in filtered groundwater samples ranged no higher than 2.4 pg/L. Furthermore, the site 

is now capped which will effectively eliminate precipitation infiltration to the groundwater. 

E.7.2 Baseline Human Health Risk Assessment 

Multiple potential receptor groups were considered for the DRMO including an older child trespasser, 

construction worker, future residents, and full-time employees. Noncarcinogenic risks were all below the 

USEPA acceptable limit of one for the CTE, but exceeded one under the RME for all receptors. PCBs in 
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- soil are the primary contributors to the RME noncarcinogenic risks. Incremental lifetime cancer risks were 

either less than lE-6 or within the USEPA’s acceptable target risk range of lE-8 to 1 E-4. Additionally, 

application of the IEUBK model for lead uptake from soil resulted in blood lead levels below the level of 

concern. 

It should be noted that the area is now paved with an asphalt cap which effectively reduces the risk to 

human health. With the exceptions of the surface soil sample collected from test boring GTB23, located at 

the northern end of the site, and the surface soil sample GSS4, collected near the southeast end of the site, 

all surface soil samples represent soils which are beneath the asphalt cap or beneath other paved surface. 

E.7.3 Ecological Risk Assessment 

The DRMO is a well-developed area located near the Thames River and is characterized by high human 

traffic. This location provides neither cover or forage for wildlife receptors. In addition, no nearby areas 

represent suitable wildlife habitat. Despite these conditions, potential risks to ecological receptors were 

evaluated using the conservative assumptions discussed in Section 3.4.4.2. Both the maximum and average 

chemical concentrations in surface soils were compared to benchmarkvalues protective of various terrestrial 

ecological receptors. Results of these comparisons indicate that terrestrial receptors exposed to both the 

maximum and average concentrations are potentially at risk. However, because of the current conditions 

associated with this site (area is paved with an asphalt cap), actual risks to ecological receptors are likely 

to be much less then those calculated for this area. It is unlikely that ecological receptors will utilize this 

area, essentially eliminating the possibility that these receptors will be exposed to these chemicals. 

Furthermore, the presence of the cap makes it impossible for ecological receptors to contact soil at the site. 

When the current site conditions are factored into this evaluation, it is concluded that the DRMO represents 

little potential risk to ecological receptors. 

:- 

E.7.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 9.8. Although 1,2dichloroethane, 1,2dichloroethene (total), trichloroethene, vinyl chloride, and 

benzo(k)fluoranthene were not retained as COCs for soil in the baseline human health risk assessment, they 

were reported at maxima in excess of Connecticut remediation standards for pollutant mobility. While 

maximum detections of these chemicals were less than the risk-based COC screening levels for soil 

ingestion, they may migrate to groundwater and potentially impact water quality. 
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For groundwater, most of the chemicals found at concentrations exceeding state standards were retained 

as COCs in the baseline human health risk assessment. Sodium and zinc were not identified as COCs. No 

dose-response parameters are available for sodium. It should be noted that although zinc was reported at 

a concentration in excess of the surface water protection criteria for groundwater, the reported maximum 

concentration was less than the risk-based COC screening level for tap water ingestion. 

Surface water data were also compared to state standards. No exceedances were observed with respect 

to the state AWQC for human health. 

E.7.5 Recommendations 

It is recommended that a feasibility study (FS) be completed for this site and a “limited action” alternative 

including monitoring and access/use restrictions be evaluated in the DRMO FS. Groundwater monitoring 

will be required to verify that significant contamination is not leaching to the groundwater or to the Thames 

River. If it is found that significant migration is occurring from the site to the Thames River, additional 

monitoring including surface water and sediment sampling in the Thames River will be conducted for the 

purpose of evaluating the need for additional remedial actions. This recommendation is supported by the 

following information. 

rl 
0 A time-critical removal action has been conducted at this site which included removal of 4,700 

tons of contaminated soil to a maximum depth of 3 feet below the ground surface. The majority 

of contamination in the soil has been removed and the area has been capped. 

0 The groundwater is not significantly affected at the site. Although halogenated organics such 

as 1,2dichloroethene and trichloroethene were detected in isolated soil samples at 

concentrations ranging to 16,000 and 7,100 pg/kg, respectively, the maximum concentrations 

in groundwater monitoring wells less than 100 feet downgradient of the soil detections yielded 

8 kg/L for each of these constituents. Groundwater monitoring is required, however to provide 

long-term confirmation that contamination has not migrated through the soil, into the 

groundwater, and ultimately discharging to the Thames River. Groundwater monitoring is 

planned as pan of post-closure associated with the DRMO cap. The addition of the DRMO cap 

will greatly reduce precipitation infiltration which will have an effect on the leaching of 

contaminants to the groundwater from the relatively thin (less than 5 feet) vadose zone soils 

beneath the site. 
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0 Relatively low human health risks are associated with the DRMO. Noncarcinogenic risks are all 

below the USEPA acceptable limit of one with the exception of the RME for all receptors (older 

child trespasser, construction worker, future resident, and full-time employee). All lifetime 

incremental cancer risks were either less than 1 E-6 or within the USEPA acceptable target risk 

range of 1 E-6 to 1 E-4. It should be noted that the risk scenarios assumed direct exposure to 

soil and groundwater at the DRMO. Exposure to soil at the DRMO is limited due to the presence 

of the asphalt cap with the exception of the construction worker which assumes deliberate .. 

excavation and contact. However, it is required (per OSHA standards for work on hazardous 

waste sites) that health and safety measures (i.e., personal protective equipment and monitoring) 

be instituted to minimize direct soil and groundwater contact during future construction. 

Therefore, following these health and safety measures would lower the risk to the construction 

worker to acceptable levels. The future residential scenario assumed direct contact and 

ingestion of groundwater beneath the site. It is unlikely that a future resident would contact 

groundwater beneath the site due to the availability of public water. Eliminating exposure to 

groundwater beneath the site would therefore lower the risk to the future resident to USEPA 

acceptable levels. 

0 Ecological risks are low for the DRMO. The ecological risk assessment concluded that exposure 

to surface soils could adversely impact terrestrial ecological receptors using highly conservative 

estimates. However, the DRMO does not provide a suitable ecological habitat due to the 

presence of paving, buildings, etc., and the asphalt cap effectively eliminates direct soil contact. 

It is therefore concluded that the DRMO represents little potential risk to ecological receptors. 

0 Since the DRMO is located adjacent to the shore of the Thames River, it is possible that 

contaminant transport from the DRMO could affect ecological receptors in the riier. Except for 

samples collected in the Thames River itself, no offsite or downgradient samples were collected 

to evaluate contaminant transport from the DRMO. 

A feasibility study (FS) has been conducted in response to the previously mentioned recommendation. The 

findings of the FS are included in “Feasibility Study for DRMO, BRE, February 1997.” The FS evaluated 

several remedial alternatives including a limited action consisting of institutional controls and monitoring. 

A preferred remedial alternative is pending and will be documented in the record of decision for the site. 
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E.8 TORPEDO SHOPS 

This section presents a summary of major findings of the investigations for the Torpedo Shops. A summary 

of the nature and extent of contamination is provided in Section E.8.1. Sections E.8.2 and E.8.3 summarizes 

the baseline human health risk assessment and ecological risk assessment for the site, respectively. Section 

E.8.4 summarizes the comparison of site data to state standards and Section E.8.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

E.8.1 Nature and Extent of Contamination 

Minimal environmental contamination was detected in each of the matrices sampled at the Torpedo Shops 

site. Samples were obtained of soil, groundwater, surface water, and sediment. Although various organic 

and inorganic chemicals were detected, the concentrations were typically much lower than those found at 

other NSB-NLON sites. 

Examples of maximum detected concentrations in the soil matrix include methylene chloride (420 pg/kg), 

diethylphthalate (14,000 ,ug/kg in one sample), phenanthrene (4,300 pg/kg), endosulfan sulfate (35 pg/kg) 

and TPH (386 mg/kg). A variety of organic contamination has also been detected in soil samples collected 

in the vicinity of the abandoned leach fields which indicates impacts in these areas. It is known that a 

variety of liquid wastes have been historically dumped in the drains which lead to the leach beds. This 

practice was stopped when sanitary sewers were installed in 1983. 

Although several organic chemicals were detected in groundwater at the site, these detections are not 

considered indicative of a pervasive and persistent groundwater problem. For example, although volatile 

organics were detected at concentrations ranging as high as 42 pg/L during the Phase I RI (l,l,l- 

trichloroethane), 4-methyl-2-pentanone was detected in one sample at 21 pg/L and no other volatile 

organics were detected above 6 pg/L during either of the Phase II RI sampling rounds. Low levels of 

sorptive organic chemicals were detected in various groundwater samples with the exception of one 

detection of bis(2-ethylhexyhphthalate in one sample at a concentration of 380 pg/L. This chemical is most 

likely associated with entrained sediments in the sample and is not typically considered to be 

environmentally mobile. TPH was detected in groundwater samples collected from well 7MW8S during both 

rounds of the Phase II RI, with a maximum detection during Round 1 at 1,200 mg/L. It appears that some 

of the detections of groundwater contamination are associated with monitoring wells located in the vicinity 

of, or immediately downgradient of, the abandoned leach fields and sewer system. 

-i 

-v 
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Similarly, surface water and sediment samples collected in the vicinity of the Torpedo Shops site revealed 

only minimal contamination. Representative maximum concentrations for analytes detected in sediments 

include methylene chloride (18 pg/kg), pyrene (240 pg/kg), and 4,4’-DDD (93 pg/kg). No organic 

chemicals other than di-n-butylphthalate (0.6 pg/L) were detected in the two surface water samples obtained 

at this site. 

E.8.2 Baseline Human Health Risk Assessment 

The baseline human health risk assessment for the Torpedo Shops site considered the potential exposure 

of three receptor groups, including full-time employees, construction workers, and future potential residents. 

Noncarcinogenic risks exceeded the USEPA acceptable level of one for the construction worker under the 

RME scenario and for the future resident under both the RME and CTE scenarios. The noncarcinogenic 

risks for the construction worker are attributable to potential exposure to manganese in groundwater, while 

elevated noncarcinogenic risks for the future resident are a result of groundwater exposure to bis(2- 

ethylhexyhphthalate and several metals (antimony, arsenic, manganese, and thallium). Incremental cancer 

risks were within the USEPA’s acceptable target risk range of 1 E-6 to 1 E-4 for all of the receptor groups and 

exposure scenarios, except for the RME future resident. Bis(2-ethylhexyl)phthalate and arsenic contribute 

significantly to the carcinogenic risks for this receptor. Exposure to lead, which was identified as a potential 

COC for groundwater, is not expected to produce adverse health effects. TPH was identified as a potential 

COC for groundwater and soil at the site. Detections of TPH in these media exceeded Connecticut 

remediation standards. 

E.8.3 Ecological Risk Assessment 

The Torpedo Shops represent a welldeveloped area and do not provide either cover or forage for wildlife 

receptors. Areas near the Torpedo Shops (e.g., the wooded area to the south) do represent desirable habitat 

for wildlife. Organisms inhabiting this area may come in contact with on site soil while moving through the 

area to forage in the nearby Area A Wetland. Using the conservative assumptions discussed in Section 

3.4.4.2, the maximum concentrations of chemicals detected in surface soils collected from this site were 

compared to benchmark values protective of various terrestrial ecological receptors. While the potential for 

exposures to soil does exits, actual exposure would be much more limited than that considered in this 

evaluation (see Section 3.4.4.2 for exposure assumptions), thereby resulting in actual ecological risks 

associated with this site which are significantly lower than those estimated in this assessment. When the 

current site conditions are factored into this evaluation, it is concluded that the Torpedo Shops represents 

little potential risk to ecological receptors. 
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E.8.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 12.8. All soil chemicals reported at concentrations in excess of state remediation standards for 

pollutant mobility were selected as COCs in the baseline human health risk assessment. 

For groundwater, most of the chemicals found at concentrations exceeding state standards were retained 

as COCs in the baseline human health risk assessment. Exceptions included acenaphthylene, phenanthrene, 

sodium, and zinc, each of which was not identified as a COC. No dose-response parameters are available 

to quantitatively evaluate exposure to acenaphthylene, phenanthrene, and sodium. It should also be noted 

that the applicable state standard for sodium is a Notification Level for a drinking water source. The 

maximum detection of zinc was less than the risk-based COC screening level for tap water ingestion, 

therefore, this chemical was not retained as a COC. 

Surface water and sediment data were also compared to state standards. Minimal exceedances of state 

criteria were observed for sediment, and all chemicals with maximum detections in excess of the applicable 

state criteria were selected as COCs in the baseline human health risk assessment. None of the chemicals 

detected in surface water exceeded the state human health AWQC for the consumption of organisms and/or 

water and organisms. 

E.8.5 Recommendations 

It is recommended that further characterization of the Torpedo Shops be completed. The characterization 

should focus on sampling and analyses in the vicinity of the abandoned sewer lines and leach fields, as well 

as gaining a better understanding of the construction details and integrity of the Torpedo Shops historical 

sewer system. It should be noted that all of the ASTs and USTs located along the southern edge of Building 

325 contained No. 2 fuel oil. Therefore, all additional characterization work in this area should be deferred 

to, and conducted under, the UST program. Both surface and subsurface soil sampling as well as 

groundwater sampling including additional groundwater monitoring points are required to evaluate the nature 

and extent of contamination in the vicinity of the sewer system. This recommendation is supported by the 

following information: 

0 Notable detections of contamination have been observed in soil and groundwater samples 

collected in the vicinity of the abandoned sewer system. As discussed in Section 9, one of the 

wells located within the Area A Downstream Water Courses (2DMW29S) detected chlorinated 

solvent contamination at significant concentrations. This well is located in close proximity to the 
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storm sewer drain system that exits the Torpedo Shops area. Low concentrations of chlorinated 

solvents have also been detected in shallow wells 7MW2S and 7MW3S, and deep well 7MS3D, 

all located within close proximity to, and immediately downgradient of the Torpedo Shops 

abandoned leach fields. A variety of organic contaminants including chlorinated solvents have 

also been detected in soil samples collected from well boring 7MW8S which is located in the 

vicinity of the Torpedo Shops drainage system. 

Although contamination has been detected in soil and groundwater at the site that requires further 

characterization in the vicinity of the Torpedo Shops sewer system, it should be noted that based on the 

current land use at the site and the information collected during the Phase I and II Ris, relatively low human 

health and ecological risks are present at the site. This conclusion is based on the following information: 

0 The human health risk assessment concluded that noncancer risk estimates were all below the 

USEPA acceptable level of one for ail receptor groups except the RME construction worker and 

the RME and CTE future resident. Incremental cancer risks were all within the USEPA 

acceptable target risk range of lE-6 to lE-4 except for the RME future resident. The 

noncarcinogenic risks and carcinogenic risks for the construction worker and the future resident 

are partially attributable to exposure to manganese and arsenic in groundwater beneath the site. 

Manganese and arsenic are commonly found naturally occurring metals. It should be noted that 

it is required (per OSHA standards for work on hazardous waste sites) that Health and Safety 

measures (i.e., personal protective equipment and monitoring) be instituted to minimize direct 

soil and groundwater contact during future construction. Therefore, following these measures 

would lower the risk to the construction worker to acceptable levels. It is also unlikely that a 

future resident would contact groundwater beneath the site due to the availability of public water. 

Eliminating exposure to groundwater beneath the site would therefore lower the risk to the future 

resident to acceptable levels. 

0 The Torpedo Shop area consists of buildings, paved areas, and lawns which do not provide 

desirable habitat for terrestrial ecological receptors. Therefore, it is highly unlikely that organisms 

inhabiting the area around the site would spend a significant amount of time at the site. 

Although the ecological risk assessment concluded that chemicals at the site could adversely 

impact ecological receptors, the evaluation performed used highly conservative assumptions and 

the actual risks would be significantly lower. It is therefore concluded that the Torpedo Shops 

represent little risk to ecological receptors. 
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If the results of the focused characterization effort reveal that the nature and extent of contamination is 

somewhat localized, and contaminant types and concentrations are similar to that found during the Phase I VI 
and II Rls, no additional work may be required at this site. An evaluation of the data collected during the 

focused characterization and a comparison to the data collected during the Phase I and II RI will be 

required. At that time, a decision can be made regarding whether or not the site should proceed to an FS. 

E.9 GOSS COVE LANDFILL 

This section presents a summary of major findings of the Phase II RI for the Goss Cove Landfill Site. A 

summary of the nature and extent of contamination is provided in Section E.9.1. Sections E.g.2 and E.g.3 

summarize the baseline human health risk assessment and ecological risk assessment for the site, 

respectively. Section E.g.4 summarizes the comparison of site data to state standards and Section E.g.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

E.g.1 Nature and Extent of Contamination 

Some of the most substantial environmental contamination detected at NSB-NLON was encountered at the 

former Goss Cove Landfill. Representative examples of soil contamination include the following chemicals 

with the respective maximum concentration shown in parentheses: acetone (23,000 pg/kg); toluene 

(22,000 pg/kg); ethylbenzene (69,000 pg/kg); xylenes (480,000 pg/kg); methylene chloride (38,000 pg/kg); 

phenol (t ,600,OOO pg/kg); benzo(a)anthracene (490,000 pg/kg); Aroclor-1248 (19,000 pg/kg); Aroclor-1254 

(33,000 pg/kg); and lead (3,540 mg/kg). Numerous other organic chemicals were also detected in the soil 

matrix at this site, primarily pesticides, phthalate esters, phenols, and polynuclear aromatic hydrocarbons. 

Organic and inorganic chemicals were also found in groundwater samples obtained from this site. Of 

primary concern is the detection of tetrachloroethene (5,600 pg/L) in a groundwater sample from a deep 

monitoring well. It is possible that an upgradient source of groundwater contamination exists which is 

contributing to the tetrachloroethene contamination detected at the site, Low levels of organic constituents 

and high concentrations of inorganic constituents (particularly boron) were encountered in surface water 

samples obtained from Goss Cove. Many of the chemicals detected at high concentrations in site soil and 

groundwater samples were also detected in Goss Cove sediment samples. Based on the available data, 

it appears likely that the former Goss Cove Landfill is contributing to environmental contamination in Goss 

Cove. Other potential sources of contamination could include storm sewer outfalls and runoff from Military 

Highway. 
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E.g.2 Baseline Human Health Risk Assessment 

The baseline human health risk assessment focused on multiple receptor groups: full-time employees, older 

child trespassers, future residents and construction workers. Noncarcinogenic risks for construction 

workers, future residents, and older trespassers under the RME exceeded the USEPA acceptable level of 

one. Elevated risks are attributed to tetrachloroethene in groundwater and PCBs, PAHs, and metals in soil. 

Although the noncarcinogenic risks for the RME older child trespasser exceeded one, no adverse effects 

are anticipated since chemicals contributing to the risk do not impact the same target organs. Carcinogenic 

risks were within the USEPA’s acceptable target risk range of 1 E-4 to 1 E-6 for all receptors under CTE, but 

exceeded lE-4 for the future resident, full-time employee and older child trespasser under RME. 

Carcinogens of interest include tetrachloroethene in groundwater and PCBs, PAHs, and arsenic in soil. The 

risks associated with inhalation of indoor air were below the USEPA acceptable level of one for 

noncarcinogenic risks and below the USEPA acceptable target risk range of 1 E-6 to 1 E-4. 

Human health risks were also evaluated to address potential health risks associated with child visitors, adult 

visitors, and full-time employee exposure under current site conditions. Incidental ingestion and dermal 

contact with soil were evaluated for the adult visitor, the child visitor, and the full-time employee, using data 

from. surface soil sampling (O-12 inches beneath the ground surface) conducted in the vicinity of the 

museum exhibits and picnic area. The potential for exposure to soil is believed to be greatest in these 

areas. The inhalation of indoor air was also evaluated for occupational exposure to the full-time employee. 

All noncarcinogenic risks were below the USEPA acceptable level of one and all carcinogenic risks were 

below the USEPA acceptable target range of lE-6 to 1 E-4 for soil exposures. Air concentrations were 

compared to occupational standards and all concentrations were below those standards. The results of the 

evaluation 

employee. 

concluded that minimal risks exist for the current child and adult visitor and the full-time 

E.g.3 Ecological Risk Assessment 

Goss Cove is separated from the Thames River by a railroad embankment. The cove has been lined by rip- 

rap to stabilize the banks. No emergent vegetation grows in the cove and the majority of the land adjacent 

to the cove is either paved, comprised of rip-rap, or consists of maintained lawn. 

While it is unlikely that ecological receptors such as waterfowl heavily utilize the cove as a feeding area, it 

is probable that the cove does support a benthic macroinvertebrate community. However, the fact that the 

cove has no direct connection to the Thames River limits the potential diversity of its aquatic community. 
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Due to the development of the former Goss Cove Landfill (i.e., the presence of the Nautilus Museum and 

the attendant parking lot), this area represents poor habiiat for most wildlife receptors. 

Several different sets of data have been collected from Goss Cove in support of the Phase II RI. Results 

of analyses conducted on samples of surface water and sediments collected from 5 locations in the cove 

indicated that several inorganics and organic compounds (i.e., metals and pesticides) were found at 

concentrations in excess of benchmark values protective of aquatic biota, suggesting that aquatic biota 

inhabiting the cove could be adversely impacted. 

In response to the results of the studies conducted during Round I of the Phase II RI, an additional sediment 

sample was collected from Goss Cove during the Supplemental Ecological Sampling Round. The intent of 

the Supplemental Ecological Sampling Round was to focus more closely on the potential impacts that these 

contaminants might be having on aquatic biota and to determine if the contaminants were biologically 

available in concentrations that could represent an actual risk to the aquatic community. 

The results indicated that four chemicals (aluminum, copper, nickel and heptachlor) were present in surface 

water at concentrations that represent a potential risk to aquatic biota. A number of chemicals also had 

HQs greater than 1.0, suggesting that benthic macroinvertebrates were potentially at risk. The results of 

toxicity tests confirmed that chemicals present in this sample were biologically available in concentrations 

that could adversely impact aquatic biota. Results of an SEM/AVS analyses to determine the biological 

availability of copper, cadmium, nickel, lead and zinc demonstrated that these fiie metals are not biologically 

available. Adverse impacts to test organisms (A. abdita and L. plumosus) exposed to sediments collected 

from station 8SD3 are more likely to be associated with the presence of other inorganics (mercury and 

cadmium) or organic compounds (e.g., gamma-chlordane, heptachlor, 4,4’-DDD, 4,4’-DDT, endrin aldehyde, 

dieldrin, and Aroclor-1254) that were present in concentrations that exceeded benchmark values for benthic 

receptors. The results indicated that sediments in Goss Cove could adversely impact aquatic biota. 

E.g.4 Comparison to Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 13.8. Although not retained as soil COCs in the baseline human health risk assessment, methylene 

chloride, xylenes, bis(2-ethylhexyl)phthalate, fluoranthene, fluorene, naphthalene, phenanthrene, pyrene, 

heptachlor, selenium and silver were reported at maxima in excess of Connecticut remediation standards 

for pollutant mobility. While these compounds may migrate to groundwater and potentially impact water 

quality, no dose-response parameters are available to quantitatively evaluate exposure to phenanthrene and 
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-. maximum detections tf the remaining chemicals were less than risk-based COC screening levels for soil 

ingestion. 

For groundwater, maxima of a few chemicals (chloroform, xylenes, acenaphthylene, phenanthrene, and 

sodium) exceeded the applicable state standards, but were not identified as COCs in the baseline human 

health risk assessment. No dose-response parameters are available to quantitatively address exposure to 

acenaphthylene, phenanthrene, and sodium. It should also be noted that the applicable state standard for 

sodium is a Notification Level for a drinking water source. Chloroform and xylenes were reported at 

maximum concentrations less than the risk-based COC screening levels for tap water ingestion. 

Surface water and sediment data were also compared to state standards. Wiih respect to human health 

AWQC for surface water, minimal exceedances of state criteria were observed. All chemicals with maximum 

detections in excess of the state AWQC for human health were selected as COCs in the baseline human 

health risk assessment. Although not retained as sediment COCs in the baseline human health risk 

assessment, benzo(k)fluoranthene, dieldrin and heptachlor were reported at maxima in excess of 

Connecticut soil remediation standards for pollutant mobility. While these compounds may migrate to 

groundwater and potentially impact water quality, maximum concentrations of these chemicals were less 

- i 
than risk-based COC screening levels for sediment ingestion. 

For air data collected at the Nautilus Museum, several exceedances of state standards were observed. 

Those chemicals which were detected at elevated maximum concentrations, but were not selected as COCs, 

include 1 ,l ,dichloroethene, styrene, and trichloroethene. Styrene was reported at a maximum less than the 

risk-based COC screening criteria for ambient air. Trichloroethene and 1 ,I dichloroethene, which were 

detected in the samples obtained from the boiler room only, were not quantitatively evaluated in the human 

health risk assessment as museum personnel are not expected to spend their entire day in this area and 

visitors do no come in contact with this sampled location. 

E.g.5 Recommendations 

It is recommended that a Feasibility Study (FS) of remedial alternatives be conducted at the former Goss 

Cove Landfill. This recommendation is supported by the following information: 

0 Relatively high concentrations of chemicals are present in the site soils, and are impacting the 

groundwater and the adjacent Goss Cove. Numerous organic and inorganic constituents were 

found in soil at the site at notable concentrations. Similar inorganic and organic constituents 

were also detected in groundwater samples collected at the site, and it appears that an 
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upgradient source of PCE contamination to groundwater exists. Similar types of chemicals were 

detected in the soil, groundwater, and sediment indicating the occurrence of chemical transport. 

0 The human health risk assessment concluded that noncarcinogenic risks exceeded the USEPA 

acceptable level of one for the construction worker, the future resident, and the older child 

trespasser under the RME. Carcinogenic risks exceeded the upper bound (1 E-4) of the USEPA 

acceptable target risk range of 1 E-6 to 1 E-4 for the RME full-time employee, RME older child 

trespasser, and the RME future resident. The noncarcinogenic risks and carcinogenic risks 

evaluated are partially attributable to exposure to tetrachloroethene in groundwater and arsenic 

in soil beneath the site. Arsenic is a commonly found natural constituent of soil. it should be 

noted that it is required (per OSHA standards for work on hazardous waste sites) that Health and 

Safety measures (i.e., personal protective equipment and monitoring) be instituted to minimize 

direct soil and groundwater contact during future construction. Therefore, following these 

measures would lower the risk to the construction worker to acceptable levels. It is also unlikely 

that a future resident would contact groundwater beneath the site due to the availability of public 

water. Eliminating exposure to groundwater beneath the site would therefore lower the risk to 

the future resident to acceptable levels. 

0 The Ecological Risk Assessment concluded that chemicals present in surface water and 

sediments represent a risk to the aquatic community in Goss Cove. Benthic macroinvertebrates 

represent the receptors primarily at risk in this system. While its small size and lack of a direct 

connection to the Thames River limits the potential productivity of Goss Cove, the presence of 

organic chemicals in the sediments, and the apparent potential for continued contaminant 

migration, represent long term potential risks to aquatic biota in the cove. 

It should be noted that risks associated with the full-time employee scenario were calculated using USEPA 

recommended input parameters which are based on highly conservative estimates. Consequently, when 

unacceptable risks were calculated for this scenario, it was decided to re-evaluate risks for current realistic 

receptors. Human health risks associated with current site use were evaluated and included child visitor, 

adult visitor, and full-time employee exposure with soil, as well as full-time employee occupational exposure 

to indoor air. The results of the evaluation concluded that no unacceptable risks exist for the current child 

and adult visitor, as well as for the full-time employee. 

It is recommended that a phased approach be used to proceed to a feasibility study (FS) for the former 

Goss Cove Landfill. Sufficient data has been collected during the Phase II RI to proceed with an FS with 

respect to surface water and sediment. With the exception of addressing the potential soil source and 
4 
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extent of current PCE groundwater contamination at the Goss Cove Site, groundwater will be separated from 

other media and evaluated in a separate base-wide groundwater FS. 

A Data Gap Investigation (DGI) has been performed for the Goss Cove Site with the primary objective to 

determine the source of PCE contamination detected during this Phase Ii RI in the groundwater beneath the 

former Goss Cove Landfill at well cluster 8MW8S/8MW8D. The findings of the DGI are included in “Data 

Gap Investigation Report for Goss Cove Landfill; BRE, March, 1997”. Results of this DGI showed that PCE 

contamination originates off-base and is migrating into the Goss Cove Landfill Site from a southeasterly 

direction. 

Although previous investigations have not completely defined the lateral extent of the landfill, it has been 

assumed that for FS purposes, the estimated limit of the landfill is relatively accurate given the natural site 

boundaries of the Thames River to the west, the bedrock hill to the north, Goss Cove to the south, and the 

lack of VOC contamination to the east. It is assumed that sufficient data regarding soil contamination exists 

to conduct the FS and that if additional data is required to determine the furthest extent of VOC 

contamination, it can be collected during the remedial design or remedial action. 

E.10 LOWER SUBASE 
If” 

This section presents a summary of major findings of the Phase II RI at the Lower Subase. A summary of 

the nature and extent of contamination is provided in Section E. 10.1. Sections E. 10.2 and E.10.3 summarize 

the baseline human health risk assessment and ecological risk assessment for the site, respectively. 

Section E.lO.4 summarizes the comparison of site data to state standards and Section E.lO.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

E.lO.1 Nature and Extent of Contamination 

In spite of the fact that the Lower Subase has been in use for more than 100 years, very little environmental 

contamination was identified in this area during the course of the Phase II RI. For evaluation purposes, four 

zones of the Lower Subase have been identified and the discussion centers on these zones. Although 

various volatile organics were detected in soil samples, concentrations were typically quite low (i.e., from 

1 to 20 pg/kg). Semivolatile organic analyses were not performed for soil samples during either the Phase 

I or Phase II Rls, however, it is expected that such compounds are present. This conclusion has been 

reached based on the detection of low levels of semivolatile organics in groundwater, and based on the 

presence of fuel-related compounds in soil. TPH analyses were completed as an indicator of fuel/oil 

contamination, and relatively high concentrations of TPH were encountered, particularly in the vicinity of 
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source Sites 10 and 11 in Zone 1, and Building 79 (Site 13) and the Quay Wall in Zone 4. The Phase I RI 

fluorescence spectroscopy data primarily indicated the presence of No. 2 fuel/diesel oil, No. 6 fuel oil, and 

lubricating oils. In addition, lead was detected at relatively high concentrations, particularly in surface soil 

in Zones 3 and 4. Analytical results for lead in the TCLP samples from Zone 2 and Zone 4 also exceeded 

Federal Toxicity Characteristic regulatory levels. Measures have been implemented to address lead 

(including solidification of lead contaminated soils at Building 31) to decrease the potential for contaminant 

migration. 

Although several volatile and semivolatile organic compounds were detected in groundwater samples, most 

were detected infrequently and at relatively low concentrations (i.e., a few organic concentrations ranged 

up to 57 pg/L; most, however, were less than 10 pg/L). Manganese was detected at relatively high 

concentrations (up to 2,290 Pg/L in the sample collected during Round 2 of the Phase II RI from Zone 1 

well 13MW8) in groundwater samples from all four zones. 

Several metals, most notably lead at a concentration of 2,760 ,ug/L, were detected at elevated 

concentrations in the unfiltered groundwater sample collected from well NESOll during Round 1 of the 

Phase II RI. As discussed in Section 14.4.2.4, these elevated concentrations were most likely due to the 

presence of suspended sediment in the sample. 

Releases of petroleum products and oily substances have been observed in the Thames River in the vicinity 

of a storm sewer outfall near Pier 4 in November 1994. It appears that residual waste materials from past 

disposal practices at the Lower Subase entered the storm sewer and discharged into the Thames River. 

An expandable rubber plug has since been installed in the sewer line and no visible releases of petroleum 

product have been observed in the Thames River to date. 

It appears that the Lower Subase may have impacted the Thames River due to the presence of elevated 

contamination in the sediment adjacent to the Lower Subase. Further discussion regarding the Thames 

River is included in Section 17. 

E.10.2 Baseline Human Health Risk Assessment 

The baseline human health risk assessment for the Lower Subase focused on three potential receptor 

groups: full-time employees, construction workers, and future residents. Noncarcinogenic risks were found 

to be below the USEPA acceptable limit of one for all receptor groups. Carcinogenic risks for all receptors 

at all zones were either less than 1 E-6 or within the USEPA’s acceptable target risk range 1 E-4 to 1 E-6. The 

majority of the cumulative incremental cancer risks for the identified potential receptors were less than 1 E-6. 
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E.10.3 Ecological Risk Assessment 

The Lower Subase is located in a highly industrialized portion of the NSB-NLON and is characterized by 

large industrial buildings, a substantial amount of paved area, and very little maintained lawn. The area is 

characterized by heavy human activiiy and does not provide suitable habitat for wildlife. The only potential 

ecological habitat near the Lower Subase is the Thames River (described in Section 17.3.6) which represents 

the Lower Subase’s western border. This portion of the Thames River is dominated by piers and serves as 

a docking and repair facility. Based on current conditions, ecological receptors are unlikely to come in 

contact with contaminants associated with the Lower Subase and it is unlikely that the Lower Subase 

represents a risk to ecological receptors. 

E.10.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 14.8. TPH and lead, which were identified as COCs in the baseline human health risk assessment, 

were the only soil chemicals reported at maximum concentrations in the specific zones that exceeded the 

Connecticut remediation standards for pollutant mobility. 

For groundwater in all zones, maximum detections of sodium in the unfiltered and filtered samples exceeded 

the state Notification Level for a drinking water source. This chemical was not retained as a COC in the 

baseline human health risk assessment, and no dose-response parameters are available to quantitatively 

evaluate exposure to sodium. For Zone 1 groundwater, acenaphthylene, phenanthrene, 

bis(2-ethylhexyl)phthalate, copper and mercury were not retained as COCs in the baseline human health risk 

assessment, but were reported at maxima in excess of Connecticut standards. A quantitative evaluation of 

exposure to acenaphthylene, phenanthrene, and copper was not provided in the human health risk 

assessment because of the lack of published dose-response parameters. Maxima of the remaining 

chemicals were less than the risk-based COC screening levels for ingestion of tap water. 

Besides sodium, exceedances of Connecticut standards were also noted for a few chemicals detected in 

the groundwater at Zones 2 and 3. However, all of these chemicals were selected as COCs in the baseline 

human health risk assessment. 

For Zone 4 groundwater, phenanthrene, mercury, and zinc were not retained as COCs in the baseline 

human health risk assessment, but were reported at maximum concentrations exceeding the state standards. 

As mentioned previously, no dose-response parameters are available to quantitatively evaluate exposure to 
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phenanthrene. Maximum_detections of mercury and zinc were less than the risk-based COC screening 

levels for tap water ingestion. 

E.10.5 Recommendations 

It is recommended that further characterization of the Lower Subase be performed during a separate RI. 

The characterization should focus on sampling and analyses to evaluate the nature and extent of lead, TPH, 

and semivolatile organic compounds in soil. Continued groundwater sampling and analyses is also required 

to monitor contamination levels. In addition, a focused data collection effort should provide information 

relevant to an FS to evaluate potential remedial options for the site. This recommendation is supported by 

the following information: 

0 Relatively high concentrations of lead in soil are present at Zones 3 and 4 in the vicinity of Site 

17 (Building 31, Zone 3), Site 13 (Waste oil pit at Building 79, Zone 4) and the Quay Wall 

(Zone 4). Concentrations of lead were as high as 1,320 mg/kg in Zone 3 and 10,600 mg/kg in 

Zone 4. 

0 High concentrations of TPH in soil are also present at Zone 1 (Site 10 Fuel Oil Storage Tanks 

and Tank 54-H, Site 11 Power Plant Oil Tanks; maximum concentration = 51,600 mg/kg), 

Zone 3 (along Bull Head Road; maximum concentration = 3,400 mg/kg), and Zone 4 (waste oil 

pit at Building 79 and Quay Wall; maximum concentration = 11,800 mg/kg). 

0 Semivolatile organic compounds have not been analyzed in soil during the Phase I and II RI 

activities. Monitoring of these compounds are needed to evaluate risks associated with these 

contaminants. It is highly probable that semivolatile organic compounds will be detected at 

significant levels in soil, based on the presence of TPH. Semivolatile organic compounds are 

common components of TPH, and the concentrations of these compounds are not known. 

l Petroleum products and oily substances have historically migrated into the Thames River in the 

vicinity of the Quay Wall. As discussed in the ecological risk assessment in Section 17.7, the 

Thames River sediment and shellfish community may be impacted in the vicinity of the Lower 

Subase. 

Pier 33 and Berth 16 are not addressed in this document. These sites have probable sources of 

contamination which could impact soil, groundwater, and the adjacent Thames River. The Navy is currently 

planning an expanded RI for the Lower Subase to include the Pier 33 and Berth 16 area. The intent of the 
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-- expanded RI is to address concerns at the Pier 33 and Berth 16 area and to address data gaps for the 

Lower Subase. 

The expanded RI is being conducted in a tiered approach because of the considerable existing database. 

The Background Review Report for the Lower Subase Remedial Investigation (B&R Environmental, March 

1997) was developed as part of the first tier of data collection to accumulate data from several studies, 

including this Phase II RI, and to identify potential data gaps. Based on the results of the Background 

Report, a draft Work Plan for the Lower Subase RI was developed and submitted to the regulatory agencies 

for review and comment in March 1997. Sufficient data will be collected in the Lower Subase RI to proceed 

to a Feasibility Study where various remedial alternatives for this site will be developed and evaluated. 

E.ll OVER BANK DISPOSAL AREA NORTHEAST 

- i 

This section presents a summary of major findings of the investigations at the OBDANE site. A summary 

of the nature and extent of contamination is provided in Section E.11.1. Sections E.11.2 and E.11.3 

summarize the baseline human health risk assessment and ecological risk assessment for the site, 

respectively. Section E.11.4 summarizes the comparison of site data to state standards and Section E.11.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

E.ll.l Nature and Extent of Contamination 

Minimal organic contamination was identified in the environmental matrices sampled at this site. For 

example, although volatile organics were detected in the soil samples, concentrations ranged no higher than 

18 pg/kg (toluene) and the concentrations of all remaining volatile organic analytes were less than 9 ,ug/kg. 

Although various PAHs were detected in the soil samples, concentrations of this class of chemicals ranged 

no higher than 110 pg/kg (benzo[a]pyrene). Pesticides were also detected in the soil samples, but 

concentrations ranged no higher than 400 pg/kg (4,4’-DDT). 

However, more significant inorganic contamination was detected in surface soils to the south of the site. 

Arsenic was found at sample points 14MWl S-0002 and 14SS3 at concentrations of 10.4 mg/kg and 

16.3 mg/kg, respectively. Also, lead was detected at sample point 14SS3 at a concentration of 403 mg/kg. 

No organic chemicals other than carbon disulfide and bis(2-ethylhexyl)phthalate were detected in 

groundwater samples obtained at this site (1 pg/L each). Although the one monitoring well installed at the 

OBDANE is not located immediately downgradient of the source area (well is located somewhat to the side 

and downgradient of the source area), the low levels of groundwater contamination present in this well are 
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probably representative of downgradient conditions because little contamination was noted in source area 

soils. Therefore, it is unlikely that groundwater is impacted from the site. Furthermore, based on the low 

concentrations of chemicals in the soil, it is highly unlikely that any impacts on downstream surface water 

bodies will occur. 

E.11.2 Baseline Human Health Risk Assessment 

Based on the relatively remote nature of the OBDANE site, construction workers and older child trespassers 

were considered the only potential receptors of concern for exposure to soil and groundwater. The 

noncarcinogenic risk estimates (t&s) for the evaluated exposure routes were all below the USEPA acceptable 

limit of one. Projected lifetime incremental cancer risks were either below or only slightly above the lower 

bound (1 E-6) of the USEPA’s acceptable target risk range (1 E-8 to 1 E-4). Therefore, it is concluded that 

the site poses little risk to human health. 

E.11.3 Ecological Risk Assessment 

The OBDANE provides both cover and foraging area for wildlife receptors. Organisms inhabiting this area 

may come in contact with site soil while searching for food or burrowing in the soil (e.g., soil invertebrates). 

Using the conservative assumptions discussed in Section 3.4.4.2, the maximum concentrations of chemicals 

detected in surface soils (0 to 2 feet) collected from this site were compared to benchmark values protective 

of various terrestrial ecological receptors. The results of these comparisons indicate that chemicals detected 

at the OBDANE could adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. 

When the risks associated with the average chemical concentrations in surface soil were evaluated, risks 

to these receptors were somewhat reduced but still exceeded 1 .O. These results suggest that exposure to 

surface soil at the OBDANE presents a potential risk to terrestrial receptors. However, the OBDANE is 

relatively small and can only support a limited number of receptors. This fact, coupled with the conservative 

methods used in this assessment, suggest that actual risks to ecological receptors are likely to be less than 

those predicted in this assessment. It is concluded that the OBDANE represents little potential risk to 

ecological receptors. 

E.11.4 Comparison of Site Data to State Standards 

Arsenic in soil and sodium in groundwater were the only chemicals detected at maximum concentrations 

exceeding the state standards discussed in Section 15.8. Arsenic was selected as a COC in the baseline 

human health and/or ecological risk assessments. Sodium was not retained as a COC for direct exposure 
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to groundwater because of the lack of published dose-response parameters. It should be noted that the 

applicable state standard for sodium is a Notification Level for a drinking water source. 

E.11.5 Recommendations 

It is recommended that further characterization of the surface soil with respect to arsenic and lead 

contamination be conducted at the OBDANE for the following reasons: 

0 Although minimal contamination was detected in soil samples collected within, and adjacent to, 

the confines of the waste disposal area, more significant lead contamination was detected in 

surface soil sample 14SS3 located approximately 80 feet to the south of the site. This 

contamination could potentially migrate further offsite. 

0 Arsenic was found in site surface soils (samples 14SS3 and 14MWl S-0002) at concentrations 

slightly exceeding the state remediation standard for direct exposure under the industrial land 

use scenario. 

Although contamination has been detected in surface soils at levels that exceed state standards and further 

investigation is required to finialize the nature and extent of contamination, relatively low human health and 

ecological risks are present at the site. This belief is based on the following supporting information: 

l Human health noncarcinogenic risk estimates for the evaluated exposure routes were all below 

one. Projected lifetime incremental cancer risk estimates were all less than 1 E-8 or within the 

USEPA’s acceptable target risk range of 1 E-4 to 1 E-8. 

0 The site is located in a remote area bounded by a chain link fence, thereby limiting access to 

human receptors. 

0 Although the Ecological Risk Assessment concluded that chemicals detected at the site could 

adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates, no apparent 

visible impacts to these receptor groups have been observed. In addition, the risk assessment 

was conservative, such that potential risks to these receptors are over predicted. 

0 The site is relatively small in size (80 feet in diameter) with minimal soil contamination. 

Therefore, the total volume of contaminated material is relatively low, and the available surficial 
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area for human and ecological exposure is somewhat limited. The site is also surrounded by 

large areas not known to be affected by waste disposal. 

E.12 SPENT ACID STORAGE AND DISPOSAL AREA 

This section presents a summary of major findings of the investigations for the Spent Acid Storage and 

Disposal Area. A summary of the nature and extent of contamination is provided in Section E.12.1. 

Section E.12.2 summarizes the baseline human health risk assessment for the site and E.12.3 summarizes 

the ecological risk assessment. Section E.12.4 summarizes the comparison of site data to state standards 

and Section E. 12.5 provides recommendations regarding additional action or investigatory efforts for the site. 

E.12.1 Nature and Extent of Contamination 

Minimal contamination was detected in environmental matrices sampled at the Spent Acid Storage and 

Disposal Area. Chemicals detected in the soil matrix included volatile organics at concentrations ranging 

no higher than 26 pg/kg (xylenes), various semivolatiles including polynuclear aromatic hydrocarbons in 

up to four samples at concentrations ranging up to 3,705 pg/kg (fluoranthene), pesticides ranging from 

55 pg/kg to 190 pg/kg in one sample, and various metals. All lead concentrations in soil have been 

reduced to levels below 500 mg/kg as the result of the time-critical soil removal activity conducted at the 

site. 

Several chemicals were also detected in site groundwater at low concentrations, including carbon disulfide 

(3 pg/L), bis(2-ethylhexyl)phthalate (5 yg/L in the shallow well and 45 pg/L in the deep well), naphthalene 

(1 pg/L), 1,4dichlorobenzene (1 pg/L), di-n-butyiphthalate (at concentrations less than 1 pg/L), 

phenanthrene (0.6 pg/L), and heptachlor (0.5 pg/L). Wiih the exceptions of naphthalene, bis(2- 

ethylhexyl)phthalate, and phenanthrene, none of these chemicals were detected in the soil matrix at the site, 

so it is considered unlikely that the site is the source of this low level contamination. Furthermore, the 

presence of bis(2-ethylhexyl)phthalate at a higher concentration in the deep well is also considered indicative 

of an upgradient source. 

Concentrations of PAHs detected in the sediment sample ranged from 25 pg/kg to 250 pg/kg. Benzoic 

acid, carbazole, and phthalate esters ranging to 990 pg/kg (dimethylphthalate) were also detected in the 

sediment sample. 
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E.12.2 Baseline Human Health Risk Assessment 

Demolition of the buildings in the vicinity of this site is planned for the near future, followed by construction 

of a warehouse. Therefore, the risk assessment focused on construction workers and future potential 

residents as the primary receptor groups. The noncarcinogenic risk for the future resident under the RME 

exceeded the USEPA acceptable limit of one. Noncarcinogenic risks for the other exposure scenarios were 

less than one. Elevated risks for the RME future resident are attributed to manganese in groundwater via 

ingestion. This conclusion is similar to that found at many other sites through NSB-NLON (i.e., manganese 

is a commonly found naturally occurring metal and the primary contributor to site noncarcinogenic risks). 

The RME incremental lifetime cancer risks for the potential future resident exceeded the upper bound (1 E-4) 

of the USEPA’s acceptable target risk range of lE-6 to 1 E-4. Carcinogenic risks are attributed to 

bis(2-ethylhexyl)phthalate, 1,4dichlorobenzene, heptachlor, arsenic, and beryllium. 

E.12.3 Ecological Risk Assessment 

As previously stated, this site does not provide a suitable wildlife habitat. Therefore, an ecological risk 

assessment was not performed for this site. 

E. 12.4 Comparison of Site Data to State Standards 

Several chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 16.8. Of these chemicals, all were selected as COCs in the baseline human health risk assessment 

except for phenanthrene and zinc in groundwater. These chemicals were not retained as COCs since the 

maximum detection of zinc in groundwater was less than the risk-based COC screening criteria for tap water 

ingestion and no dose-response parameters are available to quantitatively assess exposure to phenanthrene. 

E.12.5 Recommendations 

No further action is recommended for this site based on the following information: 

0 Approximately 318 tons of lead contaminated soil has been excavated from the site. Soil 

samples collected after the excavation activity confirmed that residual concentrations were below 

500 mg/kg total lead in soil or below 5 mg/L for lead in TCLP extract. Therefore, the source of 

contamination has been removed. 
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0 Low levels of groundwater contamination remain at the site. No organic compounds detected 

at this site were in excess of 45 pg/L. The major&y of the organic compounds detected in L 

groundwater at the site were sporadically detected and were not detected in the soil at the site. 

l Incremental lifetime cancer risks for construction workers under both scenarios and the future 

resident under the CTE were either below the lower bound (lE-6) or within the USEPA 

acceptable target risk range (1 E-6 to 1 E-4). The incremental lifetime cancer risk for the RME 

future resident slightly exceeded 1 E-4. The noncarcinogenic risk for the future resident under 

the RME exceeded the USEPA acceptable limit of one, primarily the result of the detection of 

manganese in groundwater, which is a commonly found naturally occurring metal. It is unlikely 

that a future resident would contact groundwater beneath the site due to the availability of public 

water. Eliminating exposure to groundwater beneath the site would therefore lower the risk for 

the future resident to USEPA acceptable levels. It is also required (per OSHA standards for work 

on hazardous waste sites) that health and safety measures (i.e., personal protective equipment 

and monitoring) be instituted to minimize direct soil and groundwater contact during future 

construction. Therefore, following these health and safety measures would lower the risk to the 

construction worker. 

0 The Spent Acid Storage and Disposal Area and the nearby area are located in a paved parking 4 

lot in a welldeveloped portion of NSB-NLON. These features do not provide a suitable habitat 

for a wildlife population. Furthermore, it is unlikely that ecological receptors could come into 

contact with soils at this site because the area is covered with asphalt. 

Although the baseline risk assessments indicated that this site does not pose an unacceptable risk, the 

CTDEP has indicated that site soils may adversely effect groundwater quality and therefore, under state Soil 

Remediation Standard Regulations, action must be taken even where the groundwater is not classified as 

a drinking water source. The state feels that there is insufficient data at this time to verii that the Spent Acid 

Storage and Disposal Area is not a continuing source of pollution to the groundwater. 

It is anticipated that further characterization will be required to support “No Further Action” at this site. The 

characterization activities may involve additional soil analyses, SPLP tests, and/or modeling. If this testing 

program verifies that the soil at this site does not pose a threat to the groundwater, then the state will concur 

on a No Action Record of Decision. 
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E.13 THAMES RIVER 
P--- 

This section presents a summary of major findings of the investigation in the Thames River. A summary of 

the nature and extent of contamination is provided in Section E.13.1. Section E.13.2 and E.13.3 summarize 

the baseline human health risk assessment and the ecological risk assessment for the site, respectively. 

Section E.13.4 summarizes the comparison of site data to state standards and Section E.13.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

E.13.1 Nature and Extent of Contamination 

The nature and extent of contamination in surface water and sediment of the Thames River is not considered 

indicative of significant releases from NSB-NLON. Little variation in the nature of contamination was found 

in the sediment and surface water from upstream to downstream locations. Volatile organic chemicals were 

found to be relatively nonexistent in both matrices. By contrast, sorptive, hydrophobic chemicals such as 

pesticides and PAHs were found to be pervasive in the sediment matrix. Concentrations of PAHs increased 

slightly in the areas of Pier 33 and Berth 16, and increased substantially in the vicinity of the Lower Subase. 

Concentrations of PAHs in the samples collected near Goss Cove and in the downstream area, however, 

were similar to those detected in samples collected from the upstream area. No distinct pattern of metals 

contamination is evident based on the available surface water and sediment data. 

Ribbed mussels were deployed in cages for 28 days. Although this period may have not have allowed tissue 

concentrations to have reached equilibrium, this exposure period was long enough for these organisms to 

accumulate biologically available contaminants for comparison to control samples. Analyses of the mussels 

indicated that chemical constituents were present. However, those same constituents were also detected 

at relatively the same concentrations in the control mussel samples (Figure 17-6). Mercury detected in a 

sample collected near Goss Cove and semivolatile compounds detected in the caged mussel samples 

adjacent to the Lower Subase represent two exceptions. 

Chemical contaminants were also detected in native shellfish samples. However, the results were generally 

inconclusive in establishing a link with contamination detected at NSB-NLON. PAHs were detected in one 

blue mussel sample located adjacent to the Lower Subase. This may be indicative of impacts from NSB- 

NLON. It should be noted that a majority of the native shellfish samples were collected from the commercial 

shellfish beds which were located either across the Thames River on the other side of NSB-NLON, or were 

located somewhat upstream of NSB-NLON. No commercial shellfish beds are located in close proximity 

to NSB-NLON for sampling and monitoring purposes. 
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To convert wet weight to dry weight concentrations, wet weight contaminant concentrations were multiplied 

by 5 (NOM, 1995). Dry weight concentrations of copper detected in native mussels collected near the 

NSB-NLON were found to range from 9 to 20 mg/kg. The NOAA Status and Trends Program reports an 

average value of approximately 10 mg/kg copper for the same species taken from contaminated sites. 

Analyses performed on mussels collected from the Raymark site on the Housatonic River determined that 

copper concentrations were less than 1 mg/kg, dry weight (Finkelstein, pers. corn.). Data complied by 

NOAA indicates that lethality in these species can occur at dry weight tissue concentrations ranging from 

10 to 100 mg/kg copper, dry weight (NOAA, unpublished). 

-4 

Dry weight copper concentrations measured in oysters collected from the Thames River near the NSB-NLON 

ranged from 311 to 1265 mg/kg. Data from the NOAA Status and Trends Program indicates that copper 

concentrations of 310 mg/kg are typically recorded in oysters collected from contaminated sites. Copper 

concentrations recorded at the Raymark site were 60 - 70 mg/kg (Finkelstein, pers. corn.). Data compiled 

by NOAA indicate that lethality can occur in this species when tissue concentrations reach 5 - 900 mg/kg, 

dry weight (NOAA, unpublished). Zinc concentrations recorded in oysters collected from the Thames River 

ranged from 6050 to 14,800 mg/kg, dry weight. Zinc concentrations reported for oysters collected from the 

Raymark site equalled 1000 mg/kg while oysters collected from contaminated NOAA Status and Trends sites 

averaged 4000 mg/kg. Interpretation of the potential significance of the contaminant tissue concentrations 

measured in molluscs collected from the Thames River would have been enhanced if measurements to 
-wF 

assess impacts to growth or body condition had been recorded as part of this study. 

Heavy metals such as copper, zinc and iron are known to be essential to organisms whereas metals such 

as cadmium, lead, and mercury are regarded as non-essential. However, all heavy metals, whether essential 

or not, can be toxic when taken up in excess by aquatic invertebrates (Rainbow, 1996). The rates at which 

heavy metals are taken up by aquatic invertebrates depends greatly on external physiochemical factors 

(Sunda et al., 1978; Engel and Fowler, 1979; Luoma, 1983 as cited in Rainbow, 1996) and are generally 

beyond the short-term physiological control of these organisms (Nugegod and Rainbow 1988a; 1989a, 

1989b; Simkiss and Taylor 1989a; Phillips and Rainbow, 1993 as cited in Rainbow, 1996). Aquatic 

invertebrate uptake of metals is generally by passive facilitated diffusion (Bryan, 1971, 1979; Simkiss and 

Taylor, 1989a as cited in Rainbow, 1996). Dissolved metals bind passively to membrane proteins and are 

then passed down a gradient of metal-binding ligands with increasing metal affinity (Rainbow, 1996). The 

metals eventually bind to large intracellular proteins, generally precluding their movement within and/or out 

of the organism. The “subsequent accumulation of a heavy metal by an invertebrate then depends on its 

particular accumulation strategy for that metal (Rainbow, et al., 1990; Phillips and Rainbow, 1993 as cited 

in Rainbow, 1996). 
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In general, heavy metals reach body concentrations in aquatic invertebrates that are orders of magnitude 

greater on a wet weight basis than external dissolved concentrations. If the metals remain in a biologically 

active form, then they have the potential to play a metabolic role (as in the case of an essential metal) or 

also to be toxic, since binding to intracellular molecules can interfere with their metabolic functioning. 

However, physiological processes exist that can detoxify body metallic concentrations in excess of metabolic 

requirements (ii any) and, in some circumstances excrete them from the body (Rainbow, 1996). 

Aquatic invertebrates exhibit extremes in bioacumulation strategies. Some organisms accumulate all metal 

taken up with no significant excretion. In these instances, the metal must be stored in a detoxified form, 

except for that concentration of essential metal necessary of physiological processes. On the other extreme, 

an aquatic invertebrate may excrete all the metal that is entering in excess of metabolic needs, thereby a 

relatively constant body burden, presumably equivalent to physiological needs (Rainbow, 1996). 

Interpretation of the significance of the concentration of a metal in an aquatic invertebrate depends heavily 

on a detailed study of the biology of the metal in that invertebrate (Rainbow, 1996). According to Rainbow 

(1996), it is impossible to establish background or baseline concentrations of metals in aquatic invertebrates. 

Even intraspecifically, the concentration of a metal may very greatly as a result of inherent variability, not 

accountable by environmental or physiological factors. However, in the absence of differences in ambient 

metal bioavailability, individual variability with physiological state and other inherent individual variability 

remain to confound the interpretation of metal concentrations. It is difficult, then to define absolutely a body 

concentration range reflecting “normal” conditions because of such variability, but some intraspecific 

comparisons are possible, particularly when such comparisons include populations exposed to unusually 

high metal bioavailabilities. Such interpretations are the basis of any heavy metal biomonitoring program 

that would necessarily involve the use of net accumulators (Philips and Rainbow, 1993 as cited in Rainbow, 

1996). 

Typical biomonitoring data sets might be expected to fall conveniently into a group of “background” samples 

of approximately equal metal concentration, with remaining samples occupying a gradient of increased 

concentrations indicative of sites exposed to a range of increased metal bioavailabilities. In fact, 

physiological and other inherent individual variability often causes samples of the first group to fall along a 

gradient of concentrations themselves (Rainbow, 1993 as cited in Rainbow, 1996). In effect, it is impossible 

to define a point along the complete gradient of samples where increased metal bioavailability supersedes 

physiological or inherent variability as the primary determinant of a particular concentration. The presence 

of this gray area that is difficult to interpret does not, however, necessarily prevent conclusions to be drawn 

concerning samples at the top of any series of metal concentrations. It is often possible, therefore, to 
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conclude that the metal concentration of a particular sample indicates the presence of atypically high metal 

bioavailibility, significantly raised above those of other sites monitored (Rainbow, 1996). 

Toxic effects are not related to absolute body concentrations but are manifest only when the rate of uptake 

of a toxic metal exceeds the rates of physiological/biochemical detoxification and/or excretion. An 

invertebrate with a low total metal concentration may be suffering from sublethal toxic effects, resulting from 

a recent increase in metal uptake rate, while other conspecifics may be free from toxicity, although 

containing much higher metal concentrations accumulated in detoxified form over an extended time period 

(Rainbow, 1996). 

The identification and quantification of different components of the total metal content of an invertebrate 

(e.g., metabolically available levels, temporary or permanent detoxified metal stores) offer scope for the 

interpretation of the significance of the metal concentration accumulated in that invertebrate (Rainbow, 1996). 

Furthermore, the comparison of intraspecific metal concentrations of aquatic invertebrates in a biomonitoring 

program does allow the identification of sites with raised toxic metal bioavailability. 

Therefore, according to Rainbow (1996),the measurement of metal concentrations in aquatic invertebrates 

cannot tell us directly whether that metal is poisoning the organism. Nevertheless, in situations of metal 

contamination, the measurement of metal concentrations in a suite of well-researched biomonitors does 

allow use to recognize whether accumulations are atypically high, with a real possibility that toxic effects 

may be present, a vital step in any recognition of potential ecotoxicological effects in the environment. 

E.13.2 Baseline Human Health Risk Assessment 

Incidental ingestion and dermal contract with surface water by a recreational adult user (e.g., water skier) 

and ingestion of oysters, clams, finfish, and other shellfish (in spite of a ban on shellfish harvesting) were 

considered potential exposure routes for the Thames River risk assessment. Incidental ingestion and dermal 

contact with surface water by the adult recreational user were found to constitute negligible noncarcinogenic 

and carcinogenic risks were below the lower bound (lE-6) of the USEPA acceptable target risk range of 

1 E-6 to 1 E-4). Carcinogenic risks associated with potential ingestion of oysters and clams each exceeded 

the USEPA acceptable target risk range of lE-6 to 1 E-4 under the RME scenario. In addition, 

noncarcinogenic risks for oysters, clams, and finfish/other shellfish ingestion exceeded the USEPA 

acceptable level of one under the RME scenario. Primary contributors to both the elevated risks for shellfish 

and finfish ingestions include heptachlor, arsenic, cadmium, and zinc. 
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E.13.3 Ecolwical Risk Assessment 

The results of the various studies conducted on the Thames River indicate that areas that represent a 

potential risk to sensitive benthic invertebrates appear to be confined to sediment sample stations 

EC-SDTR04 (located midway between Pier 15 and Pier 17) and EC-T3SD4 (located adjacent to the DRMO) 

and only two chemicals (cadmium and endrin aldehyde) were present in surface water samples collected 

during the original Phase II RI sampling round in 1993 that exceeded their respective benchmark values. 

While consumption of prey may represent a potential hazard to waterfowl, actual risks to these receptors 

are likely to be much less than those predicted in this assessment due to the conservative assumptions used 

to calculated total potential doses received by these receptors. 

Based on an evaluation of toxicity test results, benthic community studies, hazard quotients, and SEM/AVS, 

the ecological risk assessment concluded that risk to sensitive benthic invertebrates appear to be confined 

to stations EC-SDTR04 (midway between Piers 15 and 17) and ECT3SD4 (adjacent to the DRMO). It is 

concluded that the Thames River near the site represents a minimal risk to ecological receptors. 

E.13.4 Comparison of Site Data to State Standards 

Surface water data from the Thames River was compared to state standards. For shallow and deep surface 

water trichloroethene and mercury were the only chemicals for which maximum concentrations exceeded 

the state AWQC for the consumption of organisms and/or water and organisms. Of these chemicals 

mercury was not selected as a COC in the baseline human health risk assessment. The maximum detection 

of this chemical was less than the risk-based COC screening criteria for tap water ingestion. 

E.13.5 Recommendations 

It is recommended that the Navy perform additional characterization of the Thames River in the vicinity of 

the Lower Subase. The further characterization should focus on sediment sampling and analyses for SVOCs 

and lead to define the nature and extent of sediment contamination along the Lower Subase. This 

information will be useful in relating contamination in the Thames River to source areas at the Lower Subase. 

Additional characterization of the potential impacts to the shellfish community in the vicinity of the Lower 

Subase may also be required. These characterization activities should be completed during the forthcoming 

Lower Subase RI. This recommendation is based on the following information: 

0 Concentrations of SVOCs particularly PAHs in sediment increase substantially in the vicinity of 

the Lower Subase when compared with upstream and downstream locations. Fluoranthrene and 

D-01-95-10 ES-53 CT0 129 



Revision 1 
March 1997 

pyrene were detected at maximum concentrations of 5300 pg/kg for each compound when 

compared to upstream concentrations of 1000 pg/kg for each compound, and downstream 

concentrations of 1100 pg/kg for each compound. 

-4 

0 Semivolatile organic compounds were detected in caged ribbed mussel samples located 

adjacent to the Lower Subase at concentrations above the caged mussel control sample 

concentrations. PAHs were also detected in a native blue mussel sample which was collected 

adjacent to the Lower Subase. 

It is also recommended that the future activities conducted at the DRMO and Goss Cove consider ongoing 

evaluation and monitoring of the Thames River as work progresses. 

With the exception of potential impacts to the sediments and the shellfish community in the localized vicinity 

of the Lower Subase, the observed nature and extent of contamination in the Thames River does not clearly 

indicate that NSB-NLON is the sole source of the problem. Noncarcinogenic risks are greater than the 

USEPA acceptable limit of one and carcinogenic risks are greater than the USEPA acceptable target risk 

range of 1 E-6 to 1 E-4 associated with RME shellfish ingestion. However, it should be noted that such risks 

are almost solely attributable to the presence of naturally-occurring chemicals in the tissues of these 

organisms. The cancer risk estimates for shellfish ingestion are substantially attributable to the presence 4 

of arsenic in the tissue (i.e., 98% of the risk). Noncarcinogenic risks are primarily attributable to the 

presence of arsenic and cadmium. Based on the fact that arsenic in shellfish tissues may be nontoxic and 

have no carcinogenic effects, the shellfish risk estimate may be substantially overestimated. Furthermore, 

a majority of the native shellfish samples were collected somewhat distant and upstream of NSB-NLON, and 

other sources may be contributing to some of the observed chemical detections. 

Although contamination has been detected in sediment and shellfish adjacent to the Lower Subase that 

requires further characterization, based on the information collected during the Phase I and II Rls, the 

following information is known: 

0 The surface water results showed that trichloroethene and butylbenzylphtalate were detected in 

one upstream sample at a concentration of 5 pg/L. Di-n-butylphalate (0.6 pg/L) was detected 

in one sample in the vicinity of the DRMO and endrin aldehyde (0.14 pg/L) was detected in one 

sample adjacent to the Lower Subase. No other organic compounds were detected in surface 

water samples. Therefore, as previously stated only sediment samples adjacent to the Lower 

Subase requires further characterization. 
-4 
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- c 0 The ecological risk assessment concluded that the Thames River near NSB-NLON represents 

a minimal potential risk to ecological receptors. Only two chemicals in surface water (cadmium 

and endrin aldehyde) exceeded benchmark values, which indicates a potential risk to aquatic 

biota. Two of the sediment sample locations represented a potential risk to sensitiie benthic 

macroinvertebrates. Furthermore, conservative assumptions were used in the calculations 

performed and actual risks to these receptors could be must less than predicted. Therefore, as 

previously stated benthic organisms adjacent to the Lower Subase are the only ecological 

receptor that requires further characterization. 

If the results of the focused characterization efforts at the Lower Subase, Goss Cove, and DRMO reveal that 

the nature and extent of contamination is somewhat localized, and contaminant types and concentrations 

as similar to that found during the Phase I and II Rls, no additional work may be required in the Thames 

River. A revaluation of the data collected during the focused characterizations and a comparison to the data 

collected during the Phase I and II RI will be required. At that time, a decision can be made regarding 

additional activities for the Thames River. 

-. ( 

With regard to sediment risk investigations, it is recommended that all sediment sampling data available in 

the Pier 17 Replacement Study, the Seawolf Homeporting Environmental Impact Statement, and this Phase 

II RI be evaluated in the Lower Subase RI, and subsequent reports associated with the Goss Cove and 

DRMO sites. This approach will allow for a more comprehensive evaluation of all available Thames River 

information in the vicinity of those potential source areas that could impact the Thames River. 

Finally, it is recommended that the Thames River not be carried through as a site in the CERCLA process. 

It should be considered as part of other site-specific investigations, whereby each section of the Thames 

River adjacent to a particular site will be considered’ separately from other sections of the river. 

E.14 OVERALL SUMMARY AND CONCLUSIONS 

This section presents an overall summary and conclusions for each of the 13 sites investigated at NSB- 

NLON. Each of the individual sections for the site studies (i.e., Sections 5.0 through 17.0) included stand- 

alone summary and conclusion sections. Therefore, this section is intended to be a brief overall summary 

to support decision making and additional project planning. 

Table 18-1 provides a brief synopsis of the recommendations for each of the sites studied. Table 18-1 

identifies each of the various sites, includes the recommended action for each, and provides a succinct 

rationale for the recommendation(s). 
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As shown in Table 18-1, two of the sites investigated are recommended for no further action. These sites 

include the CBU Drum Storage Area and the Spent Acid Storage and Disposal Area. Limited further 

characterization will be required at the Spent Acid Storage and Disposal Area to support this 

recommendation. Although some contamination was identified at these sites, concentrations in all matrices 

were generally low and no evidence of significant contaminant migration was evident from the sites. In 

addition, human health and ecological risks were determined to be low. Risks that do exist are typically 

associated with naturally-occurring substances (particularly manganese). 

Three sites are identified for potential remediation. The Area A Landfill is recommended for remediation 

based on the observed nature and extent of contamination, the results of the baseline risk assessment, and 

as a result of planned remedial efforts at the site. The Rubble Fill Area at Bunker A86 is also recommended 

for removal to accommodate installation of an upgradient interceptor trench as part of the Area A Landfill 

remediation. Removal of the OBDA debris is also recommended. 

Additional characterization efforts have been recommended for the Area A Downstream Watercourses 

(volatile organic groundwater contamination), the Rubble Fill Area at Bunker A86 (assessment of downslope 

impacts and source investigation), the Torpedo Shops (abandoned sewer lines/leach fields investigation), 

the Lower Subase (delineation of the complete extent of TPH, lead, and semivolatile organic contamination), 

the Over Bank Disposal Area - Northeast (delineation of lead and arsenic contamination), and the Thames 

River (sediments and potentially shellfish in the vicinity of the Lower Subase as well as future evaluation in 

the vicinity of the DRMO and Goss Cove). 

Finally, it is recommended that a Feasibility Study of remedial alternatives be completed for the former Goss 

Cove Landfill site, the Area A Downstream/OBDA, the Area A Wetland, Area A Weapons Center, and the 

Defense Reutilization and Marketing office. The former Goss Cove Feasibility Study recommendation is 

based on the presence of concentrations of organics and inorganics in the soil/fill and groundwater, 

evidence of offsite impacts (Goss Cove surface water and sediment, upgradient groundwater), and elevated 

potential human health and ecological risks. The Area A Downstream/OBDA Feasibility Study is 

recommended to address pesticide contamination in soils and sediment. 

The Feasibility Study for the Defense Reutilization and Marketing Office is recommended to address residual 

contamination in soils and the potential to impact groundwater and the Thames River. Relatively low 

concentrations of contamination, limited mobility, and low human health and ecological risks are present 

at the Area A Wetland and Area A Weapons Center. A Feasibility Study will also be required at these sites 

to evaluate potential remedial alternatives. The Feasibility Studies recommended for the Area A Wetland, 

Area A Weapons Center, and Defense Reutilization and Marketing Office will focus on the evaluation of 
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monitoring and access/use restrictions (“Limited Action”), as well as “No Action”, and more “Active 

Remediation” alternatives. A “Limited Action” alternative may be implemented if it compares favorable to 

other alternatives. 

Consideration should also be given toward a base wide evaluation of the groundwater as a separate 

operable unit. This evaluation is needed to provide a more comprehensive regional perspective on the 

groundwater as it flows beneath, and discharges away from, NSB-NLON. 
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TABLE ES-1 

SUMMARY OF RECOMMENDATIONS 
PHASE I AND II RI SITES 

NSB-NLON, GROTON, CONNECTICUT 

Site 

CBU Drum Storage 
Area 

Area A Landfill 

Area A Wetlands 

Recommended Action 

No Further Action 

Containment/Management of Migration and 
Groundwater Monitoring 

No Further Action 

Rationale 

Low concentrations and limited mobility. Low human health 
and ecological risks. 

Demonstrated groundwater impacts. Potential human 
health impacts. 

Low concentrations and limited mobility. Low human health 
and ecological risks. 

Area A Weapons No Further Action Low concentrations and limited mobility. Low human health 
Center and ecological risks. 

Area A Downstream Source Investigation (volatile organics) Vinyl chloride detected in groundwater possibly from 
Watercourses/OBDA Delineation/Assessment of Downstream Contamination upgradient (torpedo shops) areas. High concentrations of 

Revisit Feasibility Study to address pesticide metals and pesticides detected in sediments. 
contamination in soil and sediment. 

Rubble Fill Area at Delineation of Downslope Contamination High concentrations (phthalates, metals, and PAHs). 
Bunker A86 Evidence of downslope migration. 

Defense Reutilization No further action with monitoring of Wells High concentrations of volatile organics detected in soil - 
and Marketing Office Downgradient and Adjacent to Area of Volatile Organic No significant groundwater impact evident to date. 

Soil Contamination (SMWSS, 6MW3S/D). Remedlation completed in January 1995 will mitigate 
potentlal exposure and associated risk. 

Torpedo Shops Investigation of soil and groundwater in the vicinity of 
abandoned sewer lines/leach fields. 

Soil and groundwater contamination detected in the vicinity 
of abandoned sewer lines/leach fields. Nature and extent 
of contamination not known. 



TABLE ES-1 (Continued) 
SUMMARY OF RECOMMENDATIONS 
PHASE I AND II RI SITES 
NSB-NLON, GROTON, CONNECTICUT 

Site Recommended Action Rationale 

Former Goss Cove 
Landfill 

Perform Feasibility Study of Alternatives High concentrations of organics and inorganics in soil and 
groundwater. Evidence of offsite impacts exist. Elevated 
potential human health and ecological risk estimates. 

Lower Subase Conduct Additional Characterization Focusing on 
Lead, TPH, and Semlvolatiles 

High concentrations of lead and TPH detected in subsurface 
soils. Semivolatiles not quantitated but may contribute to 
human health risks. Thames River potentially impacted. 

Over Bank Disposal 
Area, Northeast 

Spent Acid Storage 
and Disposal Area 

No Further Action 

No Further Action 

Low concentrations and limited mobility. 
Low human health and ecological risks. 

Low concentrations and limited mobility. 
Low human health and ecological risks. 
Lead remediation completed. 

Thames River Conduct Additional Characterization Focusing on Elevated semivolatile organic concentrations in sediment 
Sediment Contamination and potentially shellfish in the near the lower subase. Shellfish potentially impacted. 
vicinity of the Lower Subase 
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1 .O INTRODUCTION 

=- 

This report presents the results of the Phase II Remedial Investigation (RI) and supplemental investigations 

conducted at the Naval Submarine Base-New London (NSB-NLON), located in Groton and Ledyard, 

Connecticut. It has been prepared for the Department of the Navy, Northern Division Naval Facilities 

Engineering Command, by Brown and Root Environmental (BRE), formerly Halliburton NUS Corporation 

(HNUS), under Contract Number N62472-90-D-1298 Contract Task Order 129, as part of the United States 

Navy Installation Restoration Program (IRP). 

The Phase II RI was conducted as part of the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) of 1980 (also known as Superfund) and Navy IRP RI programs to determine the 

nature and extent of contamination, to assess the human health and environmental risks posed by 

contamination, and to recommend remediation alternatives for 13 sites identified at NSB-NLON. The 13 

Phase II RI sites include the following (Drawing 1, Volume Ill): 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Construction Battalion Unit (CBU) Drum Storage Area - Site 1 

Area A Landfill - Site 2 

Area A Wetland - Site 2 

Area A Weapons Center - Site 20 

Area A Downstream Watercourses and Over Bank Disposal Area (OBDA) - Site 3 

Rubble Fill Area at Bunker A-86 - Site 4 

Defense Reutilization and Marketing Office (DRMO) - Site 6 

Torpedo Shops - Site 7 

Goss Cove Landfill - Site 8 

Lower Subase 

Over Bank Disposal Area Northeast (OBDANE) - Site 14 

Spent Acid Storage and Disposal Area (SASDA) - Site 15 

Thames River 

- 

The Phase II RI was completed in 1993 and 1994 by BRE, in accordance with the USEPA-approved Phase II 

RI Work Plan, prepared by Atlantic Environmental Services, Inc. (Atlantic, May 1993) as amended by the 

Phase II RI Addendum (HNUS, November 1993). A draft version of the Phase II RI Report was submitted 

for regulator review in February of 1995. The United States Environmental Protection Agency (USEPA) and 

the Connecticut Department of Environmental Protection (CTDEP) both reviewed and commented on the 
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report. Three subsequent scoping meetings were held between the Navy, USEPA and CTDEP to determine 

the appropriate course for the Navy to follow to address the regulator’s comments and prepare a draft final 

version of the Phase II RI report. Based on the outcome of the meetings, it was determined that additional 

investigations were necessary to characterize the hydrogeologic conditions at the site and the risks to 

ecological and human health receptors. Supplemental Phase II RI investigations were performed in 1995 

by BRE and were completed in accordance with the following documents: Final Work Plan for the Area A 

Landfill/Wetland Interface and Downstream/OBDA Sampling (HNUS, March 1995); Work Plan for Thames 

River Ecological Sampling (HNUS, March 1995); Letter Work Plan for Goss Cove Landfill (HNUS, July 1995); 

and Letter Work Plan for Area A Landfill Groundwater/Leachate Modeling Study (BRE, September 1995) and 

associated addenda (BRE, October 5, 1995 and BRE, October 25, 1995). 

It was also concluded from the meetings, that changes were necessary to the methodology used to 

characterize risks to ecological and human health receptors. BRE prepared supplemental documents 

summarizing the new methodologies to be used and submitted them to the regulators on behalf of the Navy 

for review and comment. As a result of the regulators review, the methodologies were revised and finalized. 

These final methodologies were used to characterize risks to ecological and human health receptors in this 

. 
w 

report. It should be noted that new CTDEP regulations, which were adopted by the state in December of 

1995 and which were not available during the scoping of the methodologies for the ecological and human 

health risk assessment, were used for this report. 
-e 

1.1 PURPOSEOFREPORT 

The purpose of this report is to present the results of the Phase II RI. It includes a summary of the Phase II 

RI field investigations, a description of individual sites, and a presentation of the results of the sampling, 

analyses, and evaluations for the 13 sites. The discussion of the results includes the nature and extent of 

contamination, an assessment of contaminant fate and transport, a baseline human health risk assessment, 

and an ecological risk assessment. In addition, this report compiles and presents data generated during 

previous site investigations and provides recommendations for further actions at each site. 

Recommendations for each site include one or a combination of the following categories. Concurrence 

between the Navy, EPA, CTDEP, and all other interested parties is required regarding each recommendation. 

1) Further characterization is required to collect data to sufficiently evaluate the nature and extent 

of contamination in order to determine if human and ecological receptors are exposed to 
, 

unacceptable risks, or if regulatory criteria are being substantially exceeded. 
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A Feasibility Study (FS) is required to develop, screen, and evaluate remedial actions, based on 

unacceptable calculated risks to all human or ecological receptors or unacceptable exceedances 

of regulatory criteria. 

No Further Action is required because the risks to human health or the environment that were 

calculated were acceptable or regulatory criteria have not been substantially exceeded. A 

decision document would be required to record the No Further Action decision. 

BASE BACKGROUND 

This section provides a brief description of base operations, a brief history of NSB-NLON, a summary of 

previous investigations, and a brief description of the 13 sites investigated for the Phase II RI. Detailed 

descriptions of individual sites are provided in the site-specific sections of this report. 

1.2.1 Base Description 

NSB-NLON is located in southeastern Connecticut in the Towns of Ledyard and Groton. Figure l-l 

P 
illustrates the site locality. It encompasses approximately 576 acres on the east bank of the Thames River, 

approximately 6 miles north of Long Island Sound. The site is bounded to the east by Connecticut 

Route 12, to the south by Crystal Lake Road, and to the west by the Thames River. The northern border 

is a low ridge that trends approximately east-southeast from the Thames River to Baldwin Hill. 

NSB-NLON currently provides base command for naval submarine activities in the Atlantic Ocean. It also 

provides housing for Navy personnel and their families and supports submarine training facilities, military 

offices, medical facilities, and facilities for the submarine maintenance, repair, and overhaul. 

Land use adjacent to the base is residential and commercial, as illustrated on Drawing 1. Residential 

development along Military Highway, Sleepy Hollow, Long Cove Road and Pinelock Drive borders the site 

to the north and extends north into the Gales Ferry section of Ledyard. Property along Route 12 to the east 

of the base consists of widely-spaced private homes and open, wooded land. Development is mixed 

commercial and residential farther south on Route 12. It includes a church, automobile sales and repair 

facilities, convenience stores, restaurants, and a gas station. Private residences, an automobile service 

station, and a dry cleaners are located along the south side of Crystal Lake Road. Housing for Navy 

personnel exists farther south of Crystal Lake Road. 
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1.2.2 Base History 

In 1867, the State of Connecticut donated a 112-acre parcel of land on the east bank of the Thames River 

to the Navy. The Navy did not use the property until 1868 when it officially designated the property a Navy 

Yard. The site was used to moor small craft and obsolete warships and served as a coaling station for the 

Atlantic fleet. The Department of the Navy designated the site a Submarine Base in 1916. During World 

War I, facilities at the base were extensively expanded; 6 piers and 81 buildings were added. In 1917, a 

submarine school was established, and in 1918 the Submarine Medical Center was founded. 

NSB-NLON underwent another period of growth during World War II. Between 1935 and 1945 the Navy built 

in excess of 180 buildings and acquired land adjacent to NSB-NLON. The base expanded from 112 acres 

to 497 acres. The growth of NSB-NLON continued after World War II. In 1946 the Medical Research 

Laboratory was established. 

In 1968 the Submarine School was changed from the status of an activiiy to a command and became the 

largest tenant on the base. The Naval Submarine Support Facility was established in 1974, and the Naval 

Undersea Medical Institute was established the following year. Presently, NSB-NLON consists of over 

300 buildings on 576 acres of land. 

On August 28, 1991 NSB-NLON was placed on the National Priorities List (NPL) by the United States 

Environmental Protection Agency (USEPA) pursuant to CERCLA and the Superfund Amendments and 

Reauthorization Act (SARA) of 1986. The NPL is a list of uncontrolled or abandoned hazardous waste sites 

identified by USEPA requiring prioriiy remedial actions. 

1.2.3 Previous and Ongoing Investigations and Related Documentation 

Brief summaries of previous and ongoing investigations and activities associated with the 13 Phase II RI sites 

are provided in this section and are presented in Table 1-l. 

Selected analytical data from previous investigations were evaluated and included in a database generated 

for the Phase II RI for determination of nature and extent of contamination and human health and ecological 

risk assessment. The previous investigations selected for inclusion in the database are indicated in 

Table l-l. Further discussion of the database and the selection rationale for the database is provided in 

Section 3.0. 
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1.2.3.1 Lower Subase Study (1979) 

In 1979 the Navy Environmental Support Office (NESO) conducted a study to identify the source and extent 

of oil found in soils along the Thames River at three sites on the Lower Subase. The three sites were 

Building 29 Power Plant Oil Tanks (Site ll), Building 107/345 Fuel (Oil) Storage Tanks (Site IO), and 

Building 79 Waste Oil Pit (Site 13). NESO drilled a total of 16 soil borings and installed piezometers in each 

soil boring. Soil samples from each boring were analyzed for oil content. Groundwater samples were 

collected from each piezometer to check for the presence of oil and, where present, to measure product 

thickness. 

The study found oil extending toward the Thames River near the Building 29 Power Plant Oil Tanks. No 

significant contamination was detected at Building 107/345, and oil identified as lubricating oil was found 

in the vicinity of Building 79. The NESO report recommended: 1) an inspection of the tanks and storm 

sewers on the Lower Subase; 2) the abandonment of the Building 79 waste oil pit and the installation of a 

recovery well system; and, 3) monitoring around Building 107/345. 

- 

The Building 79 waste oil pit was eventually filled with concrete, and a recovery well system was installed 

sometime around 1985. It operated for a period of several months but was determined to be ineffective and 

later abandoned. 

1.2.3.2 Final Initial Assessment Study (1983) 

In 1982 Envirodyne Engineers, Inc., performed an Initial Assessment Study (IAS) at NSB-NLON as part of 

the Navy Assessments and Control of Installation Pollutants (NACIP) program. The purpose of this study 

was to identify and evaluate past waste disposal practices and to assess the potential for environmental 

impacts. Envirodyne reviewed installation records, interviewed long-term and former employees, toured the 

installation, and photographed sites as part of the IAS. 

Envirodyne identified 11 sites as having contained hazardous material. Of the 11 sites identified, five sites 

were suspected to be contributing contaminants to the environment. The report recommended no further 

actions be pursued at CBU, Goss Cove Landfill, Building 79, and SASDA. It recommended various actions 

for Bunker A-86, the Building 107/345 Fuel Oil Storage Tanks, Building 29 Power Plant Oil Tanks, and 

OBDANE. It also recommended a Confirmation Study be conducted for Area A Landfill, OBDA, and DRMO. 
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1.2.3.3 Lower Subase Site Investigation (1987) 

In 1987 Wehran Engineering Corporation completed an investigation to identify and delineate the sources 

of heavy oils in the subsurface of the Lower Subase (Sites 10, 11, and 13). Soil samples from soil borings, 

sludge samples from manholes, and groundwater samples from monitoring wells were tested to identify the 

type, degree of weathering, and general concentrations of oil contamination at the three sites. 

Wehran identified three areas contaminated with heavy oil: (1) a concrete utility trench and oil line near 

Argonaut Road contained No. 6 fuel oil younger than 1 year old (Site 11) ; (2) manholes and the area 

underneath the supporting platform in the vicinity of Building 79 (Site 13) contained No. 6 fuel oil older than 

1 year and trace levels of waste oil; and, (3) electrical conduits and manholes along Cotvina Road contained 

a mixture of No. 5 and No. 6 fuel oils. 

Wehran recommended three actions: (1) inspection of the No. 6 fuel line and cleaning of the contaminated 

utility trench; (2) removal of the sludge oil from the manholes near Building 79 by using absorption pads 

and/or excavation of oil-laden soils; and, (3) further study of the electrical conduits and manholes and 

review of the oil supply and distribution system of Building 29. 

The first recommendation was implemented by inspecting and replacing the No. 6 fuel oil and diesel lines 

running along Argonaut Road from the valve house at the gate of the Lower Subase to the Power Plant. 

Fuel lines along Corvina Road running to the piers were also recently replaced. 

-4 

1.2.3.4 Area A, OBDA, and DRMO Verification Study (1988) 

Wehran Engineering Corporation conducted a Verification Study from December 1984 to April 1985 for the 

Area A Landfill and Wetlands, OBDA, and DRMO, known then as (DPDO). The purpose of the study was 

to verify the presence or absence of contamination at the sites indicated and to recommend whether 

additional study was warranted. 

Three rounds of surface water and sediment sampling were collected at six locations in the Area A Landfill 

and Wetlands. One of the six locations was in the wetland area of the Over Bank Disposal Area. The first 

round of samples was analyzed for volatile and semivolatile organics, pesticides, polychlorinated biphenyls 

(PCBs), and inorganics. The samples from the second and third rounds were analyzed for volatile organics 

and inorganics. In addition, three soil borings were installed at DRMO. Soil samples were collected and 

composited from each soil boring. The soil samples were analyzed for volatile and semivolatile organics, 

pesticides, PCBs, and inorganics. 
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Wehran concluded that the soil at DRMO and the surface water and sediment in Area A had been impacted 

and contained contaminants in concentrations that posed risks to public health and the environment. It 

recommended that a Site Characterization Step lB, hydrogeological investigation, be performed at both 

sites. 

1.2.3.5 North Lake Analytical Data (1988-1993) 

Each summer North Lake is filled with municipal water and chlorinated for recreational use by Naval officers 

and their families. Since 1988, the Navy has collected and analyzed surface water and beach sand samples 

from North Lake to ensure that the lake is safe. Sampling has been conducted at the lake because of its 

location within the Area A Downstream Watercourses. Representative analytical results from this sampling 

have been evaluated for the Phase II RI for the Area A Downstream Water Courses and are discussed in 

Section 9.0. 

1.2.3.6 Data Report of Additional Borings, DRMO Conforming Storage Facility Report (1989) 

In April and June of 1989 Goldberg-Zoino & Associates, Inc., (GZA) drilled six test borings at DRMO in 

preparation for the erection of a Conforming Storage Facility (hazardous waste storage) in the northern 
- 

portion of the site. GZA collected a total of ten soil samples for analysis. Three composite samples were 

analyzed for priority pollutant metals, Toxicity Characteristics Leaching Procedure (TCLP) metals, and EP 

toxicity metals. The remaining 7 grab and composite samples were analyzed for TCLP volatile organic 

compounds. 

Metals were detected at varying concentrations in all samples for the various metal analytical methods. 

Three volatile organic compounds were detected for TCLP. The report only presented the analytical results 

and did not provide any recommendations. 

1.2.3.7 Hydrogeologic Investigation UST OT-4, OT-7, OT-8, OT-9, and Tank 54-H (1989) 

f-- 

In 1989 Fuss & O’Neill, Inc., conducted a hydrogeologic investigation of two underground storage tank 

(UST) areas at NSB-NLON: OT-4, OT-7, OT-8, and OT-9 of the tank farm area and tank 54-H of the Lower 

Subase. The study was initiated as a result of subsurface soil contamination encountered during 

construction activities in the two areas. Four soil borings were installed around OT-4, and four monitoring 

wells were installed around each of the remaining tanks. Soil samples were collected from each boring and 

well and field screened with an organic vapor monitor (OVA). One soil sample from each boring around 

tank OT-4 was analyzed by a laboratory for volatile aromatics and screened for petroleum products. 
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Groundwater samples from each of the monitoring wells were analyzed by a laboratory for volatile aromatics 

and petroleum products. 

No. 2 fuel oil was detected in monitoring wells at tanks OT-7, OT-8 and tank 54-H. Fuss & O’Neill concluded 

petroleum contamination had impacted groundwater of the two tank areas. 

1.2.3.8 Offsite Residential Well Investigation (1990-1993) 

From December 1990 to December 1993, Atlantic conducted seven rounds of groundwater sampling and 

analysis of 25 off-site residential wells to assess potential impacts from waste management and disposal 

practices at NSB-NLON. The preliminary conclusion from the investigation was that the off-site residential 

wells were not being impacted by NSB-NLON. 

1.2.3.9 Multi-Media Inspection (1991) 

In April and June 1991 USEPA and CT DEP conducted a multi-media environmental inspection of NSB- 

NLON. The multi-media inspection was to ensure NSB-NLON was in compliance with the Clean Air Act, 

RCRA, Toxic Substances Control Act (TSCA), and the Clean Water Act. Visual inspections, documentation 

review, and sampling were conducted by inspection teams at numerous locations across the site. 

Deficiencies in compliance with all four acts were reported. NSB-NLON contacts indicated 

recommendations would be acted upon. 

1.2.3.10 Phase I Remedial Investigation (1992) 

An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services, Inc., from 1990 

through 1992. Atlantic investigated seven of the eleven sites as Initial Site Inspections (ISIS) and four sites 

under a Phase I Remedial Investigation. The eleven sites investigated by Atlantic include the following: 

ISI - 
0 Construction Battalion Unit Drum Storage Area - Site 1 

0 Bunker A-86 - Site 4 

0 Torpedo Shops - Site 7 

0 Goss Cove Landfill - Site 8 

0 Over Bank Disposal Area Northeast - Site 14 
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0 Spent Acid Storage and Disposal Area - Site 15 

0 Former Gasoline Station - Site 18 

RI - 

0 Area A - Site 2 

0 OBDA - Site 3 

0 DRMO - Site 6 

0 Lower Subase - Site 13 

As a result of the investigation of these sites, Atlantic recommended that additional investigations be 

conducted at each of the sites with the exception of the Former Gasoline Station. Furthermore, Atlantic 

indicated that four specific areas within Area A (Landfill, Wetlands, OBDA/Downstream, and the Weapons 

center) and the Thames River should also be investigated. 

The Atlantic investigations are summarized in the Phase I RI report (Atlantic, August 1992). Site-specific 

discussions of the results of the Atlantic investigations are included in subsequent sections of this report. 

1.2.3.11 Draft Focused Feasibility Study (FFS) for DRMO (March 1994) 

In March 1994 Atlantic prepared a Focused Feasibility Study (FFS) for the DRMO (Slte 6) to evaluate and 

select remedial actions for mitigation of risks to human health and the environment associated with 

contaminated soils at the site. The study identified and screened remedial technologies/process options, 

developed and screened remedial alternatives, analyzed remedial alternatives, and compared remedial 

alternatives. Data from the Phase I RI (Atlantic, 1992) were used in support of this FFS. Additional data was 

collected for the FFS from 17 borings that were drilled and the analysis of 23 soil samples. 

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap over 

areas of the site that contain contaminated soils above target remediation levels, removal and disposal of 

contaminated soil at an off-site RCRA landfill followed by the placement of an impervious cover over the 

area, and on-site thermal desorption of contaminated soil and the placement of an impervious cover over 

the area. From the comparative analysis of the remedial alternatives, Atlantic recommended the on-site 

thermal desorption and disposal at an off-site landfill as the superior remedial alternatives. 

Off-site landfilling of contaminated soil and installation of a cap were implemented by the Navy as Interim 

-- - 
Remedial Actions in the fall of 1995, as reported in the Final Report for Interim Remedial Action, Site 6 

(Section 1.2.3.23). 
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1.2.3.12 Draft Focused Feasibility Study for Spent Acid Storage and Disposal Area (March 1994) 

Atlantic prepared a Focused Feasibility Study for the Spent Acid and Disposal Area (Site 15) in March 1994 

to select remedial actions for mitigation of risks to human health and the environment associated wfth 

contaminated soils at the site. The feasibility study process included the identification and screening of 

technologies, the development and screening of remedial alternatives, the detailed analysis of remedial 

alternatives, and the comparative analysis of remedial alternatives. Analytical data from the Phase I RI 

(Atlantic, 1992) were used in support of this FFS. A supplemental site investigation was conducted for the 

FFS. It included the drilling of six test borings and the collection and analysis of six soil samples from the 

test borings. 

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap, off-site 

landfill of contaminated material, and on-site soil washing. From the comparative analysis of the remedial 

alternatives, Atlantic recommended on-site soil washing and off-site landfill as superior remedial alternatives 

for overall protection of human health and the environment. 

The Navy implemented the off-site landfill alternative in the beginning of 1995, as documented in the OHM 

Final Report for Soil Remediation of Spent Acid Storage and Disposal Area (OHM, 1995) (Section 1.2.3.25). 

1.2.3.13 Draft Focused Feasibility Study (FFS) for Area A Downstream/OBDA (April 1994) 

In April 1994 Atlantic prepared a FFS for the Area A Downstream/OBDA (Site 3) to select remedial actions 

for mitigation of risks to human health and the environment associated with contaminated sediments and 

soils at the site. The study included the performance of supplemental site investigations, a risk assessment 

based on the investigation results, the identification and screening of remedial technologies, the development 

and screening of remedial alternatives, detailed analysis of remedial alternatives, and the comparatke 

analysis of remedial alternatives. Chemical and ecological data from the Phase I RI (Atlantic, 1992) were 

used in support of this FFS. In addition, 18 surface soil and 60 sediment samples were analyzed for the 

FFS. A freshwater aquatic and terrestrial supplemental ecological field investigation was also conducted 

during this FFS. 

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a l-acre 

cover over the area, off-site landfilling of sediment dredged from the area, and on-site thermal desorption 

of sediment dredged from the area. From the comparative analysis of the remedial alternatives, Atlantic 

recommended the on-site thermal desorption and disposal at an off-site RCRA landfill as the superior 

remedial alternatives. 
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1.2.3.14 Environmental Assessment for Pier 17 Replacement (September 1994) 

In September 1994, Maguire Group, Inc. prepared an Environmental Assessment for the proposed dredging 

alongside Pier 15 and 17. Three alternatives for the dredging were evaluated: no action, modification to the 

existing dry docks at the piers, and Pier 17 replacement. Pier 17 replacement was ranked the highest of 

the alternatives but the most costly. In addition, dredged material disposal alternatives were evaluated. 

Three alternatives were evaluated: landfilling, confined disposal facilfty, and open water disposal. The open 

water disposal alternative was considered the most desirable with minimal environmental impacts. It was 

proposed that the contaminated sediment be capped with clean sediment to mitigate long-term 

environmental effects. Twenty-four sediment samples were collected along the Thames River in 1990 and 

1991. The sediment samples were analyzed for percent water, total volatile solids, total organic carbon, total 

petroleum hydrocarbons, oil and grease, percent silt/clay, metals, and polycyclic aromatic hydrocarbons 

(PAHs). 

From the sediment sampling and analysis, the report concluded that the upper sediment (O-3 feet) contained 

higher considerations of metals and PAHs than the lower sediment layers. Pesticides and PCBs were also 

detected at low levels in the upper sediment layers. Because of the results, two composite samples from 

Pier 17 and Pier 15 were collected for 1 Oday benthic toxicity tests on Ampelisca abdita. The results of the 

toxicity tests showed that amphipod mortality using site-specific sediment was not statistically greater than 

the mortality using reference sediment and the mortality for the site-specific test did not exceed the mortality 

for the reference test by more than 20 percent. Three sediment grab samples were also collected in the 

vicinity of Pier 17 and Pier 15 to provide a general description of the benthic communities associated with 

the sediments of Piers 15 and 17 and to provide an assessment of the potential impacts of the fauna in the 

project area. Three surface water and sediment samples were also collected for an elutriate test as part of 

this assessment. 

The report concluded the proposed action will have short-term effects on Thames River water quality, no 

effect on recreational or commercial navigation, and minimal effects on fish and benthic species. 

1.2.3.15 Post Removal Action Report for Building 31 Lead Remediation (January 1995) ’ 

-- ( 

In response to the discovery of lead contamination in the soil beneath the concrete floor slab of Building 31 

(Site 17) on the Lower Subase during construction activities in 1992, the Navy initiated a time-critical removal 

action. The removal action consisted of excavation of lead contaminated soil above mean low tide elevation; 

on-site solidification, and stabilization; backfilling of stabilized soil within Building 31; installation of a concrete 
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floor over the stabilized, backfilled soil; and, backfilling with clean fill in the excavated areas outside of 

Building 31 by National Environmental Services Corporation. Also, demolition debris and excavated 

materials not suitable for solidification/stabilization were screened for contamination and off-site landfilled 

either as hazardous or non-hazardous material. 

Based on the results of the post-removal action field verification sampling and analysis, BRE indicated that 

the excavation areas beneath Building 31 and along Bullhead Road were no longer contaminated, and no 

further action was required. However, the Navy postponed further removal action beneath Albacore Road 

as not to interfere with base operations. Alternatively, a non-woven geotextiie liner was installed in the 

excavation along Albacore Road and backfilled with clean fill. The liner will prevent further contaminant 

migration and allow for easy resumption of future removal actions. 

1.2.3.18 USEPA Federal Facilities Agreement (FFA) (January 1995) 

In January 1995 the Navy, USEPA, and the State of Connecticut signed the USEPA FFA for NSB-NLON. 

The general objectives of this agreement are to: 

0 Ensure that environmental impacts associated with past and present activiiies at NSB-NLON are 

thoroughly investigated and that the appropriate remedial action is pursued as to protect health 
* 

and the environment; 

l Establish a procedural framework and timetable for developing, implementing, and monitoring 

appropriate responses at NSB-NLON, in accordance with CERCIA (and SARA amendment of 

1986), the National Contingency Plan (NCP), Resource Conservation and Recovery Act (RCRA) 

and Hazardous and Solid Waste Amendment (HSWA) of 1984) Executive Order 12589, and 

applicable state law; and, 

0 Facilitate cooperation, exchange of information, and participation of the above stated parties in 

such actions. 

1.2.3.17 Pier 33 and Berth lG/Former incinerator Site Inspection (February 1995) 

Following discovery of petroleum hydrocarbon contamination in the soils at Pier 33 and Berth 16/Farmer 

Incinerator in 1989, these sites were added to the IR Program. Atlantic conducted site inspections at the 

two sites to determine the presence or absence, as well as, the magnitude of specific contaminants, and 

to determine if the results warrant an RI/FS. Atlantic conducted soil gas surveys at both sites and drilled 
-ml+ 
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a total of 22 soil borings. Atlantic collected 42 soil samples from the 22 soil borings. Atlantic installed and 

sampled 9 monitoring wells. In addition, Atlantic collected 1 surface soil sample from Pier 33 and two 

sediment samples from each site. Samples were analyzed for most or all of the following: volatile and 

semivolatile organics, pesticides, PCBs, inorganics, TPH, and oil identification by fluorescence. 

The soil gas survey results varied greatly, with some elevated detections at Pier 33. In addition, varying 

levels of volatiles and semivolatile organics and TPH were detected in subsurface soils from Pier 33. No. 2 

fuel oil were identified by fluorescence. PCB levels were below To Be Considered (TBC) values, but nine 

metals were detected above background levels. Only lead was detected for TCLP above the TBC value. 

Toluene was the only volatile detected in the sediments form Pier 33. TPH and semivolatiles were detected 

at varying levels in the sediment, and 10 metals were also detected. No. 4 fuel oil and No. 6 fuel oil were 

identified in the sediments. Low levels of volatiles and semivolatiles were detected in the groundwater from 

Pier 33, but no TPH, pesticides or PCBs were detected. Residual fuel oil, No. 4 fuel oil, and No. 6 fuel oil 

were identified in the groundwater. 

Soil gas survey results also varied for Berth 16. Volatiles were detected at low levels in the subsurface soils 

from Berth 16. TPH and semivolatiles concentrations correlated well for the subsurface soil samples. 

Residual fuel oil and No. 2 diesel fuel oil were identified by fluorescence. No PCBs were detected but 

pesticides were detected at low levels and dioxin was detected at one location. Elevated levels of inorganics 

were detected in soil samples from all the soil borings from Berth 16. Volatiles were detected at low 

concentrations in the two sediment samples from Berth 16. Semivolatiles and TPH were detected at 

moderate to elevated levels, but no pesticides or PCBs were detected. No. 6 fuel oil was identified as the 

oil present. Several inorganics were detected above background levels. Volatiles and semivolatiles were 

detected in low concentrations in the groundwater samples from Berth 16. No TPH, pesticides, or PCBs 

were detected. No. 4 or No. 6 fuel oil was identified as the oil present in the groundwater. 

The report recommended remedial investigations be conducted at the two sites. 

1.2.3.18 Supplemental Site investigation for Area A Landfill (March 1995) 

Atlantic conducted a supplemental site investigation of the Area A Landfill to fill data gaps of the Phase I RI 

(Atlantic, 1992) and to prepare a FFS and remedial design for the site. The investigation results are included 

in this Phase II RI report as well as the Area A Landfill FFS. Twenty-four borings were installed at the 

bituminous concrete pad at the site. Thirteen subsurface soil samples and four bituminous concrete 

samples from the borings were sent for laboratory analysis. 
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The report concluded that the levels of dioxin and inorganics detected did not appear to pose a threat. TCL 

VOCs, SVOCs, and pesticides were detected at elevated levels across the site. PCBs were detected at 

levels below To Be Concerned Values (TBCs). 

1.2.3.19 Background Soils investigation (April 1995) 

Atlantic completed background soil sampling at NSB-NLON in April 1993. The background investigation was 

conducted to characterize the concentrations of naturally-occurring inorganics and anthropogenic 

compounds (organics) to support site data evaluation and risk assessment. The background information 

and statistical analysis procedures are discussed in the report, and the final results are listed in Table l-2. 

No volatile or semlvolatile compounds were detected in the background samples. The results of the 

background study have been used In this Phase II RI and are discussed in Section 3.3.1. 

1.2.3.20 OTIO, Building 325, and Building B-89 UST Site Characterization (April 1995) 

HNUS conducted site investigations at OT-10, Building 325, and Building 89 in June and November 1994 

to determine if the USTs at these sites had impacted the surrounding soil and groundwater. 

In June 1994 M&G Associates removed tank 201 located at Building 89. Three soil samples and one 

groundwater sample were collected from the tank grave. Eight monitoring wells were installed at Oil Tank 10 

(OT-10) in November 1994. Eighteen soil samples were collected during the well installations. Eight 

groundwater samples were then collected from the installed monitoring wells. One wastewater sample and 

one waste oil sample were collected from OT-10 for content determination. Seven soil borings were drilled 

at Building 325 in November 1994. Eleven soil samples were collected from the soil borings. Of the seven 

soil borings, four borings were convened to monitoring wells. Four groundwater samples were collected 

from these wells. 

At OT-10, toluene, ethylbenzene, xylenes, pyrene, 4,4’-DDE, lead, and other inorganics were detected in soil 

samples. Xylene, di-n-butylphthalate, lead, and other inorganics were detected in groundwater samples from 

OT-10. Xylenes, petroleum hydrocarbons, and inorganics were detected in soil samples from B-325. Only 

xylene was detected in the groundwater of B-325. Benzene, toiuene, ethylbenzene, xylenes, semivolatiles, 

and TPH were detected in the soils at B-89. 

All detections from the OT-10 and B-325 sites were below Connecticut Department of Environmental 

Protection (CTDEP) industrial cleanup standards, but some exceeded residential cleanup standards. No 

further action was recommended for OT-10 and groundwater monitoring was suggested for B-325. 
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Subsequently, the Navy decided to remediate the petroleum contamination at B-325 instead of groundwater 

monitoring. Remediation has been completed at this time and a final version of the report is forth coming 

which summarizes the remedial actions. At B-89 the detections in the soil samples were below CTDEP 

cleanup standards. The reported concluded that the groundwater at B-89 had been impacted by petroleum 

related to the tank, but it recommended no further action because the area was being investigated under 

the Phase II RI. 

1.2.3.21 Preliminary Assessment/Supplement to initial Assessment Study (1995) 

Naval Facilities Engineering Service Center (NFESC) prepared a supplement to the Initial Assessment Study 

(SIAS) to identify assess possible environmental contamination that may have occurred since the initial 

assessment study, conducted in March 1983. Of the 13 sites studied for the SIAS, only the DRMO, Area 

A Downstream and Torpedo Shops were Phase II RI sites. NFESC reviewed relevant documents and 

interviewed site personnel for the SIAS. 

1.2.3.22 Geotechnicai Field investigation for Area A Landfill (May 1995) 

In February 1995 HNUS conducted field investigations at the Area A Landfill in support of the remedial 

design for a landfill cover system. Eight test borings were drilled to determine the depth of bedrock and 

the extent of landfill material. Three soil samples from the test borings were collected for chemical analysis. 

Six soil samples were also collected from the test borings for engineering parameters. Twenty test pits were 

excavated to determine the type and extent of landfill material and, along the southern boundary, the depth 

and competence of bedrock. 

The results of the geotechnical field investigation were used in the remedial design of a cap for the Area A 

Landfill. The chemical analytical results from this investigation indicated that the subsurface soils east of 

the Area A Landfill were essentially non-contaminated. 

1.2.3.23 Quay Wall Removal Site Evaluation (May 1995) 

HNUS prepared the Quay Wall Removal Site Evaluation to summarize removal actions performed in 

November and December 1994 to remedy petroleum product releases that occurred along the Quay Wall 

of the Lower Subase. Five monitoring/product wells were installed in fiie of six soil borings drilled along 

Albacore Road. Five subsurface soil samples and one oil/sludge sample were collected. Lead was 

identified as the only chemical of concern, and the Removal Site Evaluation recommended that no further 
H-+ 

removal actions be performed at that time but that further site investigations were needed. 
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1.2.3.24 Area A Landfill/Wetland interface Sampling (May 1995) 

-4 
HNUS conducted sampling activities along the Area A Landfill/Wetlands interface in November 1994 to 

supplement the FFS for the Area A Landfill. Sediment/soil samples were collected from 20 locations along 

10 transects across the Area A Wetlands/Landfill interface. 

Volatile and semivolatile compounds, pesticides, and low-level concentrations of inorganics were detected 

in various samples. One PCB compound was detected. 

1.2.3.25 Focused Feasibility Study for Area A Landfill (May 1995) 

In May 1995 Atlantic prepared a FFS for the Area A Landfill to evaluate and select remedial actions for 

mitigation of risks to human health and environment associated with contaminated soils at the slte. The 

study included the identification and screening of remedial technologies, the development and screening 

of remedial alternatives, remedial alternative analysis, and the comparative analysis of remedial alternatives. 

Data from the Phase I RI (Atlantic , 1992), the Supplemental Site Investigation for Area A Landfill (Atlantic, 

1995), and the Area A Landfill/Wetlands interface sampling by HNUS (1995) were used in support of this 

FFS. In addition, twenty-three geotechnical borings were drilled by Atlantic for the FFS. 

-4 
Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap, off-site 

RCRA landfill of contaminated material, and off-site incineration of contaminated material. From the 

comparative analysis of the remedial alternatives, Atlantic recommended the off-site landfill and off-site 

incineration as the superior remedial alternatives for overall protection of human health and the environment. 

The Navy has decided to implement the installation of a cap over the landfill alternative. BRE is finalizing 

the remedial design and groundwater modeling reports for the cap. 

1.2.3.26 Interim Remedial Action at DRMO (September, 1995) 

Based on the Focused Feasibility Study for DRMO (Atlantic, March 1994) (Section 1.2.3.9) the Navy initiated 

an Interim Remedial Action at DRMO, Site 6, in 1994 with the off-site landfilling of contaminated soils and 

the installation of a cap. OHM Remediation Services Corporation was contracted by the Navy to perform 

the remedial tasks. These tasks included the removal and disposal of bituminous concrete, relocation of 

concrete barriers, excavation and disposal of lead- and PCB-contaminated soils, filling and grading, 

construction of a composite cap, installation of riprap, and installation of stormwater controls, including the 

installation of a drainage swale, site restoration work, and incidental work. Approximately 4,500 tons of lead- 
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contaminated soil and 200 tons of PCB-contaminated soil were disposed off-site at RCRA and TSCA landfills, 

respectively. In addition, approximately ten pounds of asbestos were disposed off-site. One hundred ninety 

cubic yards of non-hazardous bituminous concrete and 189 tons of scrap metal were sent off-site for 

recycling. Confirmatory samples were collected to determine the limit of excavation. After completion of the 

excavation of the contaminated soils, a composite cap approximately 43,000 square foot in area was 

installed over the DRMO with appropriate drainage controls. The work was completed with site restoration. 

1.2.3.27 Soil Remediation at Spent Acid and Disposal Area (September, 1995) 

Based on the Focused Feasibility Study for Spent Acid and Disposal Area (Atlantic, March 1994) 

(Section 1.2.3.10), the Navy initiated an Interim Remedial Action at the Spent Acid and Disposal Area, 

Site 15, in 1995 with the off-site landfilling of contaminated pavement, soils, tank materials, and tank 

contents. OHM Remediation Services Corporation was contracted by the Navy to perform the remedial 

tasks stated above and site restoration. Approximately 318 tons of contaminated material was properly 

disposed off-site, and the site was restored to operation. 

1.2.3.28 Sampling Activities at Goss Cove Landfill and Nautilus Museum (October 1995) 

The Navy initiated additional sampling at the Goss Cove Landfill and Nautilus Memorial Museum (Site 8) 

because of public concern for the possible unacceptable risks at the site reported in the Draft Phase II RI 

report. The additional sampling was conducted by BRE in July 1995 and consisted of the collection of four 

soil samples and two rounds of air sampling within and outside the museum. The letter report concluded 

that no unacceptable risks associated with exposure to the air or soil at Goss Cove exist. 

1.2.3.29 Groundwater/Leachate Modeling Study for Area A Landfill Remedial Design (October 1996) 

BRE conducted a Groundwater/Leachate Modeling Study for Area A Landfill Remedial Design to predict the 

impact of the proposed cover system on the saturated fill material, to compare slope stability effectiveness 

and cost, to predict the impact of the cover system on flow and composition of groundwater/leachate 

discharging from the landfill into the Area A Wetlands with and without a toe drain system. Ten infiltration 

tests were performed for this study. In addition, thirteen overburden and three bedrock monitoring wells, 

ten temporary piezometers, and eight staff gauges were installed. Eight soil samples were collected from 

the overburden monitoring wells and analyzed for geotechnical parameters. Slug tests were performed at 

eighteen wells and a synoptic round of water levels were conducted for hydrogeologic data. One seep 

sample was collected from the groundwater seep at OBDA pond and analyzed for volatile and semivolatile 

organics, pesticides, PCBs, and inorganics. One semivolatile compound (butylbenzylphthalate at 0.5J pg/L) 
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and six inorganlcs (calcium at 22,400 pg/L; iron at 2,760 pg/L; magnesium at 8,660 pg/L; manganese at 

605 pg/L; potassium at 5,020 fig/L; and sodium at 46,800 pg/L) were detected in the seep sample. 

Based on the results of the study, it was concluded that the Area A Landfill cover system will reduce the 

water table elevation below the landfill, provide acceptable stability, reduce contaminant migration from the 

unsaturated zone to the saturated zone by 97 percent, and reduce mass flux of contaminants of concern 

from the landfill to the Area A Wetland by 16 to 55 percent. In addition, it was concluded’that the main 

mechanism for groundwater/leachate movement from the landfill to the wetland was lateral groundwater flow 

at the southern edge of the landfill. The report recommended not to modify the existing cover system 

design by adding a toe drain system. 

1.2.3.30 Area A Landfill Design Analysis (December 1996) 

BRE prepared an interim remedial design for the Area A Landfill. It included only a containment (capping) 

action. The interim remedial action is intended to mitigate contamination releases from the Area A Landfill 

and to prevent human exposure to the releases. The design was based on the previous Atlantic and HNUS 

studies. 

Based on the design analysis, the report concluded the cap would provide sufficient stability and prevent 

groundwater infiltration. 

1.2.3.31 Area A East End Investigation (December 1996) 

BRE conducted an Area A East End Investigation to determine if landfill material existed below the Area A 

recreational facilities. A review of aerial photographs and base records and interviews with NSB-NLON 

personnel were conducted for the investigation. In addition, three soil borings were drilled around the tennis 

courts and six test trenches were excavated along the proposed eastern boundary of the Area A Landfill cap 

system. Six soil samples were collected from the soil borings and four soil samples were collected from 

four test trenches. All samples were analyzed for volatile and semivolaitle organic compounds, total 

petroleum hydrocarbons, pesticides, PCBs, inorganics and cyanide. 

Few volatile or semivolatile organics and inorganics were detected in the soil samples and were below 

CTDEP cleanup criteria. The report recommended not to extend the Area A Landfill remedial design of a 

multimedia cap system to include the Area A East End. 
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1.2.3.32 Focused Feasibility Study for the Area A Downstream / OBDA (December 1996) 

In December 1996, BRE revisited the focused feasibility study for the Area A Downstream / OBDA which 

was originally prepared by Atlantic in 1994. The revised focused feasibility study addressed pesticide 

contamination in soils and sediment and evaluated potential remedial alternatives including; no action, 

removal of the OBDA and capping with institution controls, removal of the OBDA and excavation and offsite 

disposal of soils and sediment, and removal of the OBDA and excavation and onsite treatment of soil and 

sediment. The FS recommended that additional soil and sediment sampling be performed to select the most 

desirable remedial alternative for the site. After collection and evaluation of the data, a remedial alternative 

will be selected and documented in the record of decision for the site. 

1.2.3.33 Functions and Values Assessment of the Area A Downstream (December 1996) 

_*-. 

A functions and Values assessment of the Area A Downstream was performed by a subcontractor to BRE 

to support evaluation requirements of the Area A Downstream / OBDA focused feasibility study. The 

vegetative habitat of the Area A downstream watercourses were evaluated and the report concluded that 

based on the vegetation present, no adverse effects resulting from contamination were evident. The report 

further concluded that disturbance of the lower pond be minimized, since this water body has been 

impacted the least by human activity. 

1.2.3.34 Tank Farm Site Investigation (February 1997) 

BRE conducted an investigation from September to November 1995 of the UST farm along Crystal Lake 

Road. The primary objectives of the investigation were to define the extent of soil and groundwater 

contamination from the UST farm, evaluate the impact of the UST farm on the stormwater discharge, and 

recommend remedial alternatives, if needed. The investigation included subsurface geophysical surveys, 

soil boring and monitoring well installations, investigation of underground pipelines, sediment sampling, and 

surface water sampling. The report recommended remedial action at 5 of the UST sites, no further action 

at 6 of the UST sites, and further characterization at 2 of the UST sites. 

1.2.3.35 Feasibility Study for the DRMO (February 1997) 

BRE has prepared a feasibility study for the DRMO to address contamination in soil and groundwater. The 

feasibility study evaluated no action; Institutional controls and monitoring; excavation, offsite disposal, 

institution controls and monitoring; and excavation, ex situ treatment, and offsite disposal. The FS also 
/? 
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recommended that groundwater monitoring would be required to evaluate potential impacts. A remedial 

alternative will be selected and documented in the Record of Decision for the site. 
=%a+ 

1.2.3.36 Site Management Plan (February 1997) 

BRE has developed the Site Management Plan for the NSB-NLON to be used as a tool to prioritize and rank 

sites for action. The Navy’s relative risk ranking procedure was used to assign ranks of high, medium, and 

low to each site. Schedules for implementation of work were also included in the Site Management Plan. 

Future work activities will be conducted in accordance with the priority and schedules included in the plan. 

1.2.3.37 Data Gap investigation report for the Goss Cove Landfill (March 1997) 

BRE has conducted a data gap investigation at the Goss Cove Landfill to address the source of chlorinated 

compound contamination detected in the upgradient groundwater at the site. Borings and wells were 

installed and soil and groundwater samples were collected during the investigation. The results of the 

investigation concluded that chlorinated compounds are migrating onto the site from an upgradient, offsite, 

source. The report recommended that further groundwater characterization was required to address the 

contaminant source. The report also recommended that the upcoming FS for the Goss Cove should be 

prepared separately from the ongoing upgradient groundwater characterization activities. 

1.2.3.38 Remedial Investigation Work Plan for the Lower Subase (March 1997) 

BRE has prepared a work plan for a Remedial Investigation to be conducted at the Lower Subase. The 

Remedial investigation will be expanded to address those areas which were not previously evaluated in the 

Phase II RI as well as, those areas which were evaluated and recommended further characterization. The 

RI will include sampling of soil and groundwater, as well as surface water and sediment sampling in the 

Thames River in the vicinity of the Lower Subase. 

1.2.3.39 Existing Summary Report for the Lower Subase (March 1997) 

BRE has also prepared a compilation of data to support the development of the RI for the Lower Subase. 

The report assembled all available data and was used to scope all work components of the Lower Subase 

RI. The report recommended further characterization of the soil, groundwater, surface water, and sediment. 
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1.2.3.40 Abbreviated Field Verification Sampling activities for the Rubble Fill Area at Bunker A86 
(Ongoing) 

The Navy is in the process of removing the Rubble Fill area at Bunker A86 to accommodate installation of 

an upgradient interceptor trench, which is part of the remedial action at the Area A Landfill. Confirmation 

sampling will be conducted after the removal activity to ver’8y that contaminated materials have also been 

adequately removed. A total of 14 surface soil samples are planned for collection during confirmation 

sampling. 

1.2.3.41 Yearly Groundwater monitoring activities at the DRMO (ongoing) 

The Navy is in the process of conducting a yearly monitoring program for the DRMO to support long term 

monitoring needs for the site. The program will consist of the collection groundwater samples from 10 

monitoring wells on a quarterly basis, and yearly evaluation of the data to determine if long term impacts 

are evident. 

1.2.4 Pescription of the Study Areas 

Thirteen sites were investigated during the course of the Phase II RI. These sites included 10 of the 11 sites 

investigated by Atlantic (the former gasoline station was not studied). For the purposes of the Phase II RI, 

Area A was subdivided into four areas (Area A Landfill, Area A Wetland, Area A Weapons Center, and Area A 

Downstream Watercourses). The OBDA was combined with the Area A Downstream Watercourses based 

on geographic proximity. Brief descriptions of the various sites studied during the Phase II RI are provided 

in the remainder of this section. 

1.2.4.1 Construction Battalion Unit Drum Storage Area - Site 1 

The Construction Battalion Unit (CBU) Drum Storage Area is an unpaved area located in the northern section 

of NSB-NLON adjacent to the deployed personnel parking lot and the Area A Landfill. The site is situated 

on a flat, open area at the edge of a wooded hillside that slopes toward the site. The size of the site is 

approximately 15 feet in width by 30 feet in length. The location of this site is provided on Drawing 1 

(Volume Ill). Additional information regarding the CBU Drum Storage Area is provided in Section 5.0. 

1.2.4.2 Area A Landfill - Site 2 

--. The Area A Landfill is located in the northeastern and north-central section of NSB-NLON and encompasses 

approximately 13 acres. The depth of the landfill deposits is approximately 10 to 20 feet, based on test 
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boring data generated during the Phase I and Phase II Rls. The Area A Landfill is a relatively flat area 

bordered by a steep, wooded hillside that rises to the south, a steep wooded ravine to the west and the 

Area A Wetland to the north. The location of the Area A Landfill is shown on Drawing 1 (Volume Ill). 

Additional information regarding the site is provided in Section 6.0. 

l-2.4.3 Area A Wetland - Site 2 

The Area A Wetland is adjacent to the north side of the Area A Landfill and is approximately 23.6 acres in 

size. This portion of NSB-NLON was undeveloped, wooded land until the late 1950s. In the late 1950s 

dredge spoils from the Thames River were pumped to this area and contained within an earthen dike that 

extends from the Area A Landfill to the south side of the Area A Weapons Center. Based on th’e boring logs, 

the total volume of dredged material in the wetlands is approximately 1.2 million cubic yards. The location 

of the Area A Wetland is shown on Drawing 1 (Volume Ill). Additional information regarding the site is 

provided in Section 7.0. 

1.2.4.4 Area A Weapons Center - Study Area 20 

The Area A Weapons Center site consists of Building 524 and weapons storage bunkers. The storage 

bunker area is divided into two portions (north and south areas) which were constructed at different time 

and are of different design. The site is located at the end of Triton Avenue to the north and is adjacent to 

the Area A Wetland. The location of the Area A Weapons Center site is shown on Drawing 1 (Volume Ill). 

Additional information regarding the site is provided in Section 8.0. 

-4 

1.2.4.5 Area A Downstream Watercourses and OBDA - Site 3 

The Area A Downstream Watercourses drain the Area A Landfill and Wetland and ultimately flow into the 

Thames River. The Area A Downstream Watercourses include North Lake and several small ponds with 

interconnected streams which discharge from Area A and the Torpedo Shops. The location of the Area A 

Downstream Watercourses and the OBDA is shown on Drawing 1 (Volume Ill). Additional information 

regarding the site is provided in Section 9.0. 

1.2.4.6 Rubble Fill at Bunker A-86 .- Site 4 

Bunker A-86 is located on a gravel road off Wahoo Avenue in the north central section of NSB-NLON. The 

Area A Landfill is adjacent to the site to the north, and the Subase hazardous waste storage facility is 

adjacent to the site to the south. The Rubble Fill Area is located north of the dirt road and west of the 
d 
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bunker. The site is approximately 25 feet wide and 60 feet long. The site is on a wooded hillside that slopes 

to the north-northeast. The location of the Rubble Fill Area is shown on Drawing 1 (Volume Ill). Additional 

information regarding the site is provided in Section 10.0. 

1.2.4.7 Defense Reutilization and Marketing Office (DRMO) - Site 6 

The DRMO is adjacent to the Thames River in the northwestern section of NSB-NLON. The DRMO is the 

storage and collection facility for items to be sold at auctions and sales held periodically throughout the 

year. The land is relatively flat, low-lying and prone to flooding. The southern half of the DRMO is covered 

with asphalt, some of which is deteriorated. The northern portion of the DRMO was previously unpaved. 

An interim remedial action was recently completed at this site and included soil removal, backfilling, and 

encapsulation. The location of the DRMO site is shown on Drawing 1 (Volume Ill). Additional information 

regarding the site is provided in Section 11 .O. 

1.2.4.8 Torpedo Shops - Site 7 

The Torpedo Shops (torpedo overhaul and assembly) are located in the northern portion of NSB-NLON on 

the north side of Triion Avenue. The site is bounded to the east and north by 60-foot-high bedrock cliffs. 

The remainder of the site slopes to the southwest. An earthen berm extends along the base of the eastern 

portion of the exposed rock face. Surface runoff from the site flows southwest to drainage swales and storm 

sewers located on the south side of Buildings 325 and 450. Runoff contained by the berm, as well as the 

storm sewer system, drains through culverts under Triton Avenue into the Area A Downstream Watercourses 

and eventually discharges to the Thames River. The location of the Torpedo Shops is shown on Drawing 1 

(Volume Ill). Additional information regarding the site is provided in Section 12.0. 

1.2.4.9 Goss Cove Landfill - Site 8 

The Goss Cove Landfill is located in the southwestern portion of NSB-NLON, adjacent to the Thames River. 

It is west of the intersection of Crystal Lake Road and Military Highway, east of the Thames River and north 

of Goss Cove. The Nautilus Museum and a paved parking lot are constructed directly over the site of the 

former landfill. The Nautilus Museum is a submarine museum operated by the Navy which is open to the 

public. The location of the Goss Cove Landfill is shown on Drawing 1 (Volume Ill). Additional information 

regarding the site is provided in Section 13.0. 
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1.2.4.10 Lower Subase 

The Lower Subase site is bounded on the west by the Thames River and to the east by the Providence and 

Worcester Railroad tracks. The Lower Subase extends from and includes Building 29 (Power Plant) in the 

north to Building 85 in the south. The Lower Subase is the original naval base and its use dates from 1867. 

Most of the construction at the Lower Subase took place in the early 1900s with a major expansion from 

1935 to 1940. Based on previous investigations, potential sources of fuel oil contamination have been 

identified at the Lower Subase. The location of the Lower Subase is shown on Drawing 1 (Volume Ill). 

Additional information regarding the site is provided in Section 14.0. 

1.2.4.11 Over Bank Disposal Area Northeast (OBDANE) - Site 14 

The OBDANE is located in a heavily wooded area on the edge of a ravine northwest of the Area A Landfill 

and south of the Torpedo Shops. A dirt road provides limited access to the wooded site. A nearly vertical 

20-foot-high bedrock face is located at the eastern edge of the site. The rest of the site slopes to the 

southwest. Surface runoff flows to the southwest into a stream which flows from the Area A wetland. The 

location of the OBDANE is shown on Drawing 1 (Volume Ill). Additional information regarding the site is 

provided in Section 15.0. 

1.2.4.12 Spent Acid Storage and Disposal Area (SASDA) - Site 15 

The SASDA is located in the southeastern section of NSB-NLON between the southern side of Buildings 409 

and 410. The site is a relatively flat area completely covered with concrete or bituminous pavement. A 

catch basin and storm sewers collect surface runoff which is directed to the south and ultimately discharges 

to the Thames River at Goss Cove. A soil removal action and capping were recently completed at this site. 

The location of Site 15 is shown on Drawing 1 (Volume Ill). Additional information regarding the site is 

provided in Section 16.0. 

1.2.4.13 Thames River 

The Thames River is a tidal, salt-wedge estuary formed at the confluence of the Shetucket and Yantic Rivers 

in Norwich, Connecticut. The river flows south approximately 16 miles to Long Island Sound. NSB-NLON 

and the town of Groton are on the east bank of the river approximately 6 miles north of Long Island Sound. 

The town of Groton extends from the southern boundary of NSB-NLON to Long Island Sound. The City of 

New London is located on the west bank of the river. Land development along the southern portion of the 

river is primarily industrial. Chemical companies, oil terminals, power plants, and waste water treatment 
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plants occupy both banks of the rlver. The location of the Thames River is shown on Drawing 1 (Volume Ill). 

Additional information regarding the Thames River is provided in Section 17.0. 

1.3 REPORT ORGANIZATION 

This Phase II RI Report has been organized with the intent of: (1) meeting the general format requirements 

specified in the October 1988 RI/FS guidance document (USEPA, October 1988) and (2) summarizing the 

results of the RI for the 13 separate sites in a cohesive and comprehensive manner. According to the RI/FS 

guidance document, a Remedial Investigation (RI) report should typically consist of seven separate sections, 

including an introduction, a summary of the site investigation, a description of the site physical conditions, 

a summary of the nature and extent of contamination, a contaminant fate and transport analysis, a baseline 

risk assessment, and summary and conclusions. 

--- i 

While this format is appropriate for a site consisting of a limited number of operable units or individual study 

areas, it is not particularly well suited for an RI report addressing 13 separate, noncontiguous sites or areas. 

Therefore, this RI report has been structured such that some continuity exists for each of the individual sites 

or areas. Specifically, some sections provide general information that is common to all of the sites, while 

others present information relevant only for a specific site. 

Section 1.0, Introduction, summarizes the purpose of the report, provides general base background 

information, summarizes previous investigations, and provides the report outline. Section 2.0, Study Area 

Investigations, provides a summary of investigative procedures (e.g., soil sampling and analysis, groundwater 

sampling and analysis, water level measurement, characterization of hydrogeologic characteristics, surface 

water and sediment sampling procedures and analytical methods, etc.) that are common to each of the 

thirteen study areas. 

While Sections 1.0 and 2.0 are generally consistent with the format required by the RI/FS guidance 

document, Section 3.0, General Data Evaluation Procedures, is an additional section that deals with data 

analysis and interpretation methods that are common to all of the sites. Section 3.0 includes a discussion 

of data validation procedures, general contaminant fate and transport characteristics (e.g., chemical and 

physical properties, persistence, and environmental mobility), and human health and the environmental risk 

assessment components such as data evaluation, toxicity assessment, exposure assessment, etc. that are 

used repeatedly for each of the eleven sites. The inclusion of this information in one stand-alone section 

is designed to eliminate repetition of such general procedures throughout the body of the report and to 

maintain continuity for the individual sites discussed in subsequent sections. 
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Section 4.0, General Physical Characteristics of NSB-NLON, conforms to the typical Section 3.0 of an RI 

report. However, this section is macroscopic in nature in that it addresses basewide features such as 

topography, climate and meteorology, hydrology, geology, etc. Additional, site-specific discussions of these 

physical characteristics are provided in study area-specific sections of the report. 

Sections 5.0 through 17.0 focus on site-specific studies and include detailed information regarding each of 

the individual sites. These sections of the report are designed to be site-specific, stand-alone sections in 

that they include a description of the site, a summary of the site-specific field investigation, a description of 

site-specific physical characteristics, nature and extent of contamination, site-specific contaminant fate and 

transport, a baseline human health and ecological risk assessment, and individual summary and conclusions. 

Section 18.0 includes an overall summary, conclusions, and recommendations for all of the sites. All full-size 

drawings are included in Volume Ill of this report. Supplemental information for this report is included in 

Appendices A through I in Volumes IV through XIII. 
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Quality Measurements downstream Soil/Beach cyanide, of various metals in Samples 
1988-1993 watercourses, Site 3 Sand 30 halogenated the beach sand 
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Data Report - Future site of the DRMO, Site 8 Soil 3 Priority pollutant 0 Most inorganics Not given No 
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Zoino & Associates, metals analysis 
Inc. l 8 of 8 metals were 
August 1989 detected above the 

minimum detection 
limit for the EP TOX 
metals analysis 

l Acetone, methyiene 
chloride, 4-methyl-2- 
pentanone detected 
for TCLP VOC 



5 
TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

8 .L NSB-NLON, GROTON, CONNECTICUT 
0 

lIepOrt 

lata Report 
~Continued) 

Area Investigated Associated Phase II RI Site 
Media 

InvePtigated 

Number of 
Aaalyticrl 

Aaslytical 
Analytical 

Sunmaly of Findings 
Historical Data 

Samples 
pararnstsrs ffecommeedatiom Included in 

tbs Datrbrsc 

4 Grab TCLP VOCs l Carbon disulfide 
3 and pyridene were 

Composite detected once in 
two different 
samples 

l Acetone, methylene 
chloride, and 4- 
methyl-2-pentanone 
were detected in the 
same concentration 
range as the lab 
blank 

iydrogeologic Upper Base Fuel Farm None Soil 4 Volatile l Impacts have With data available No 
ivestigation OT-4, OT-7, OT-8, OT-9 Groundwater 12 aromatics, occurred as a result cannot determine if 
lnderground Storage Petroleum Scan of petroleum tanks are leaking or 
anks OT-4, OT-7, (Coast Guard handling at the site the associated 
IT-5 OT-9, and 54-H Method) l No. 2 fuel oil 
IS. Naval Submarine 

piping and 
detected in soil OT- appurtenances 

lase New London 4 
iroton, Connecticut Lower Base Lower Base, Site 10 Groundwater 4 l No. 2 fuel oil found 
uss & O’Neill, Inc. Tank 54-H in 10 groundwater 
sptember 1989 monitoring wells 

0 Volatile aromatics 
found in 4 
groundwater 
monitoring wells 

i II c ! iii I il 



cl TABLE l-l (Continued) 
b SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
(5: NSB-NLON, GROTON, CONNECTICUT 

Number of 
Analytical 
Samples 

Ansiytical 
Data 

Included in 
ha Dstabaw 

Analytical 
paramstrrs 

Historical 
Ares Investigated Associated Phase II RI Site 

Msdia 
Investigated 

Sumnary of Findings 

tiulti-media Inspection, 
Java1 Submarine 
3ase-New London, 
3roton, Connecticut 
JSEPA, Region I, 
Illgust 8, 1991 

Various locations for air Torpedo Shops, Site 7 Spray paints 
inspection Lower Subase Varnish 

3 
1 

NSBNLON in violation 
of CTDEP metal parts 
and products 
regulations 

No 

Various locations for 
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the Dstabaw 

Yes 

Yes 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

F NSB-NLON, GROTON, CONNECTICUT 
s 

Nunbar of 
Analytical 

Report Area Investigated Associatad Phase II RI Site 
Msdia 

Analytical 
Analytical Historical Data 

Investigated 
tummy of Findings 

Samples 
paramatare ffescnmnsndations Includad in 

tha Databasa 

Draft Focused Area A Area A Surface Soil 18 TCL VOC l DDTR detected in all l Offsite landfill Yes 
Feasibility Study Downstream/OBDA Downstream/OBDA TCL SVOC of the soil samples. and onsite 
Area A Downstream/ Sediment 60 TCL Pest l VOC and SVOCs thermal 
OBDA TAL Metals were not detected in desorption 
Installation Restoration Bioaccumula- 5 TCL PCB the sediments provide superior 
Program tion In Native Full TCLP l Pesticides were protection of 
Naval Submarine Base Soil detected in all of the environment 
. New London Invertebrate TCL Pest 15 sediment samples l Offsite landfill 
Groton, Connecticut l No PCBs were slightly more cost 
Atlantic Environmental lnsitu Bioassay 18 NA detected in effective 
Services, Inc. of Earth sediments 
vril 5, 1994 Worms 0 Levels of organics 

are above 
Laboratory 8 NA background in 
Earthworm several locations 
Bioassay with l Lower pond and the 
Sediment eastern end of OBDA 

pond exhibits high 
toxicity to 
invertebrate 

l Upper pond and the 
western end of OBDA 
pond exhibit 
moderate to high 
toxicity to 
invertebrate 

l Rest of areas studied 
exhibit low to 
moderate toxicity and 
support invertebrates 

c II d II r( Ill 
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0 TABLE l-l (Continued) 
6 SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
F NSB-NLON, GROTON, CONNECTICUT 

RSpCtt Area Investigated Associatsd Phase II RI Sits 
Madie 

lnvastigatad 

Number of 
Analytical 
Samplas 

Analytical 
parsmstrrs 

Sunsnary of Findings 
Historical 

Raccnaeandstions 

Analytical 
Data 

lncludad in 
tlw Database 

Off-site residential well Off-site residential water None 
water Data Evaluation wells 
Report, Installation 
Restoration Program, 
Naval Submarine 
Base - New London, 
Groton, Connecticut, 
Atlantic Environmental 
Services, Inc., July 
1994 

Groundwater 175 TCL VOC 
TCL SVOC 
TCL Pest/PCB 
TAL lnorganics 
Boron 
Cyanide 
Chloride 

l Organic compounds Preliminary Yes 
were only detected conclusion that 
during first round of off-site residential 
sampling water wells not 

0 Several instances of being impacted by 
elevated levels of NSB-NLON 
inorganics detected 

Environmental Pier 15 None Sediment 24 Metals l Higher The proposed action No 
Assessment for Pier 17 PAHs concentrations of will have short-term 
Replacement, Pier 17 Surface Water 3 Elutriate test 

metals and PAHs in effects on Thames 
Naval Submarine Base upper sediment River water quality, 
New London, Groton strata than lower no effects on 
Connecticut, Fish and 5 Toxicity test and strata navigation, and 
Prepared for: Benthic Taxonomy study minimal effects on 
Department of the Species l Pesticides and PCBs fish and benthic 
Navy, Commander-ln- detected in low levels species 
Chief, U.S. Atlantic in upper sediment 
Fleet, Norfolk, Virginia, strata 
Prepared by: Maguire 
Group Inc. l Mercury and nickel 
September 1994 exceeded marine 

USEPA water quality 
criteria 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

F NSB-NLON, GROTON, CONNECTICUT 
G 

Media 
Number of 

Analytical 

Rsport Area lnvsstigatsd Associatad Phase II RI Site Analytical Analytical 
Sunvttary of Findings 

Historical Data 
lnvwtigatsd 

Samples 
paramstsrs Resonsemdations lnsludml in 

ths Databsw 

Final Post-Removal Building 31 Lower Subase, Site 17 Excavation 57 Total Lead The final sample results No further No 
Action Report for Soil Samples showed that the walls of excavation was 
Building 31 Lead the excavation were no 
Remediation 

required for most 
Solidified Soil 54 TCLP Lead longer contaminated or areas of site. 

Naval Submarine Base Samples the excavation reached 
. New London 

Navy to defer 
the mean low tide continued 

Groton, Connecticut Wipe Samples 27 Total Lead elevation (maximum remediation at 
Halliburton NUS 
Corporation 

excavation depth). Albacore Road 
Albacore Road could 

January, 1995 not be completely 
excavated due to 
operational concerns of 
the Base. The sampled 
concrete surfaces were 
either not contaminated 
or were adequately 
decontaminated 

:ederal Facilities 
Agreement under 
ZERCLA, Naval 
submarine Base New 
.ondon, Connecticut 
lanuary 11, 1995 

Numerous sites None None None None Regulatory tool for 
implementation of 
IR work 

NA 

, 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

G NSB-NLON, GROTON, CONNECTICUT 

RspOrt Area Imvestigated Associated Phase II RI Sita 
Media 

Investigated 

Nunbar of 
Analytical 
Satqhs 

Analytical 
paramntars 

Summry of Findings 
Historical 

Raconmendations 

Anelyticaf 
Data 

included in 
tha Databam 

Final Site Inspection Pier 33 and Berth 16/ Portions of the Pier 33 Soil 43 TAL/TCL l VOCs concentrations Remedial No 
Report Former Incinerator Study Areas is located Sediment 4 Parameters detected in the soils investigation is 
Pier 33 and Berth Groundwater 9 TPH are not considered to recommended for 
lG/Former Incinerator Berth 16 is not located TCLP Metals be significant both Pier 33 and 
Installation Restoration in the formal Dioxin l Elevated Berth 16 
Study boundaries of the concentrations of 
Naval Submarine Base Lower Subase site TPH were detected 
- New London used in the RI, l No significant 
Groton, Connecticut however, Berth 16 is concentrations of 
Atlantic Environmental proximate to Site 13 pesticides or PCBs 
Services, Inc. were detected 
February, 1995 l Groundwater quality 

at the site is 
generally good and 
does not exceed 
ARARs except for 
lead in one well 

l Dioxin was detected 
in one locatlon 

Draft Final Area A Landfill Area A Landfill, Site 2 Soil 13 TCL VOC l Dioxin detected in l Dioxin considered Yes 
Supplemental Site TCLP VOC borings below to not be a 
tnvestigation Bituminous 4 TCL SVOC screening level chemical of 
Area A Landfill Concrete TCLP SVOC l Inorganic detections concern 
installation Restoration TCL Pest above background l lnorganics do not 
Program TCLP Metals l Pesticides, VOCs and appear to be a 
Naval Submarine Base TCL PCB SVOCs detected concern at the 
- New London TCLP Pest across site site 
Groton, connecticut TAL Metals \ 
Atlantic Environmental Dioxin 
Services, Inc. 
March 1995 
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TABLE 1-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING !NVESTlGATlONS AND RELATED DOCUMENTATION 

s NSB-NLON, GROTON, CONNECTICUT 
G 

Nunber of 
Analytical 

Report Area lnvmrtigated Associated Phase II Ill Site 
Media 

Analytical 
Analytical 

Sumnary of Findings 
Historical Data 

lnvestigatod 
Samples 

parameters Neconmlendatfons lndmld in 
tha Databarr 

Background Undisturbed Areas of None Soil 18 TCL VOC l All site-derived Background levels Yes 
Concentrations of NSBNLON TCL SVOC background levels of inorganics were 
lnorganics in Sol1 TCL Pest/PCB are within the ranges established to 
Naval Submarine Base TAL Metals published by the screen site analytical 
- New London Cyanide USGS for data to identify 
Groton, Connecticut Boron background levels for areas where 
Atlantic Environmental the eastern United releases of 
Services, Inc. pollutants may have 
April, 1995 

Site Characterization 
Report for OT-10, 
Building 325, and 
Building 89 
Naval Submarine Base 
- New London 
Groton, Connecticut 
Halliburton NUS 
Corporation 

CTDEP industrial 
cleanup standards. 
Generally low level 
detections of other 
contaminants are 
typical of site wide 
conditions and may not 
be associated with the 

tanks. The groundwater 
detection was below 
state industrial cleanup 
standards 

c II 



0 TABLE l-l (Continued) 
b SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
8 NSB-NLON, GROTON, CONNECTICUT 

Area Investigated Associated Phase II RI Site 
Media 

Investigated 

Number of 
Analytical 
SallQlas 

Analytical 
parameters 

Surmmry of Findings 
Historical 

tbcomnendatiom 

Andyticd 
Data 

Includad in 
tlm lhhbaw 

Site Characterization 
Report (Continued) 

Building 89, Tank ZOl Site is not located in Soil 3 BTEX, TPH Analytical results Due to the 
the formal boundaries 1 Lead, TPH, indicate soils in the possibility of the 
of the Lower Subase Volatile vicinity of tank ZOl have groundwater 
site used in the RI; Aromatics detected contaminants contamination 
however, Building 89 is below state cleanup originating from 
proximate to the Lower levels another souroe, and 
Subase site Groundwater has been because the Lower 

impacted by a Subase is being 
petroleum related investigated as part 
source of the RI, no further 

action is 
recommended 

Preliminary DRMO Building 355 DRMO Site 8 Visual Lead sample Not a hazardous waste No further action No 
Assessment, Draft Investigation results from a storage facility 
Final 
PA-13-625A-ENV 

Building 450 OTTO Fuel Torpedo Shops, Site 7 
and Research previous 

Tank was cleaned and Included in the 

Supplement to Initial 
Wastewater Tank 

of Site History investigation are 
referenced for 

baokfilled in 1987 Phase II RI 

bsessment Study Building 450 Drum Torpedo Shops, Site 7 Tanks QQ and Q@Day Hazardous No further action 

NEESA 13-025 Storage Area 326 Waste Accumulation 

Naval Submarine Base area 

New London Pesticide Use Golf Area A Downstream 
Groton, Connecticut 

Operational Additional 
Course 

April, 1995 
Water Courses, Site 3 investigations are 

recommended 

Pesticide Use Public 
Works 

None Operational No further action 

Transformer at 
Building 157, Vault 31 

None Oil on concrete pad 
surface, potential for 
PCBs 

No further action 
under the cleanup 
recommended 
under the spill cont. 
plan 

Paint Residue, from None Sample results indicate Further investigation 
Repairing Potable Water soil contaminated with recommended 
Tank 99 lead 

Paint Residue, from None Sample results indicate Further investigation 
Repairing Potable Water soil contaminated with recommended 
Tank 326 lead 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

8 NSB-NLON, GROTON, CONNECTICUT 
G 

I Preliminary 
1 &ssessment, Draft 
I Final (Continued) 

( 
I 
I 
I 
I 
I 
( 
I 
( 
I 

Hazardous Waste Various No evidence of releases No further action 
Accumulation Areas found 

jeotechnical Field Area A Landfill Area A Landfill, Soil 3 TCL VOC, SVOC Subsurface locations None Yes 

nvestigation Report for Site 2 TCL Pest are essentially 
Lea A Landfill TCL PCB non-contaminated 
qemedial Design for TAL Metals 
‘Java1 Submarine Base Cyanide 
rlew London 
Sroton, Connecticut 
ialliburton NUS 
Zorporation 
vlay 1995 

Rsport Area lnvestigatd Associated Phase II RI Site 
Media 

lwertigatad 

Nurnbsr of 
Analytical 
Samples 

Analytioal 
parameters 

Sunmary of Findings 
Historical 

Raoonnmndation8 

Analytical 
Data 

lnclwlal in 
tk Databasa 

Paint Residue, from None Possible soil Sampling is 
Repairing Potable Water contamination around recommended to 
Tank 444 tank from paint residue determine possible 

soil contamination 

Paint Residue, from None Possible soil Sampling is 
Repairing Potable Water contamination around recommended to 
Tank 452 tank from paint residue determine possible 

soil contamination 

Paint Residue, from None Possible soil Sampling is 
Repairing Potable Water contamination around recommended to 
Tank 480 tank from paint residue determine possible 

soil contamination 

DRMO Scrap Metal Area Proximate to DRMO, 
Site 6 

Area formerly used to 
store scrap metal 

Additional 
investigations are 
recommended 

6 Iill 6 i II 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

B NSB-NLON, GROTON, CONNECTICUT 

Report Area lnvastigated Associatsd Pbsse II RI Sits 
Media 

lmertigatsd 

Number of 
Analytical 
Samples 

Anslytioal 
paramstsrs 

Sunnnsry of Findings 
Historical 

Rscommndations 

A.nslyticaI 
Deta 

ln~lulod in 
tbs ktrbau 

Removal Site 
Evaluation for Quay 
Wall for Naval 
Submarine Base 
New London 
Halliburton NUS 
Corporation 
May 1995 

Quay Wall Lower Subase Soil 5 BTEX l Lead and arsenic No further removal No 
TCLP Metals detected above actions are 
TCL VOC CTDEP regulatory recommended but 
TCLP VOC standard further study 
TCL SVOC l VOC, SVOC, and needed 
Total PCB pesticides below 
TAL Metals regulatory CTDEP 
Cyanide standards 
TPH l No PCBs detected 

l TPH detected in all 
soils but not in 
exceedence of 
CTDEP standards 

Final Letter Report Area A Wetland Area A Wetland, Site 2 Sediment 20 TOC l Several detections of l VOC origin is the Yes 
Area A Landfill/ TCL VOC vocs landfill 
Wetland Interface TCL SVOC l Wide variety of 0 Primary source of 
Sampling Results TCL Pest SVOCs detected SVOCs may not 
Appendix C of the FFS TCL PCB l Wide variety of be the landfill but 
for Area A Landfill TAL Metals pesticides detected the paved parking 
Halliburton NUS l One PCB detected lot 
Corporation l Numerous detections l Pattern of 
May 24, 1995 of low-level inorganic data 

inorganics results is 
indicative of 
background 
concentrations for 
most inorganics 

Final Focused Area A Landfill Area A Landfill, Site 2 Refer to Phase I RI, Supplemental Site Investigation for Area A l Off-site landfill NA 
Feasibility Study Landfill, and Area A Landfill/Wetland interface sampling results. and off -site 
Area A Landfill incineration 
Installation Restoration provide superior 
Program protection of 
Naval Submarine Base environment 
- New London l Off-site Landfill is 
Groton, Connecticut more cost 
Atlantic Environmental effective than 
Services, Inc. incineration 
May 26, 1995 



0 
b 

TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

8 NSB-NLON, GROTON, CONNECTICUT 

Ntnnber of 
Analytioal 

Report Area Investigated Associated Phase II RI Site 
Mridia 

Analytical 
Analytical 

Sumnary of Firtdingc 
Historical Data 

Investigated 
Samples 

parameterc Recorrmrmadations included if 
the Databac 

Final Report of Interim DRMO DRMO, Site 6 Soil 79 TCL VOC Sample results were Site was backfilled Yes 
Remedial Action TCL SVOC 
Site 6, Naval 

used primarily to and a cap installed 
TCL Pest confirm the limit of 

Submarine Base TCL PCB excavation, because of 
New London Groton, TAL Metals time constraints the 
Connecticut (DRMO) Full TCLP excavation was 
3HM Remediation analysis terminated and 
Services Corp. 
September 6, 1995 

backfilled prior to 
excavating all soils that 
exceeded the 
preliminary remediation 
goal 

-inal Report for Soil Spent Acid Storage and Spent Acid Storage Soil 5 Total Lead Sample results were Site was excavated, Yes 
qemediation Disposal Area and Disposal Area, TCLP Lead 
spent Acid Storage 

used primarily to sampling confirmed 
Site 15 confirm the limit of that contamination 

md Disposal Area excavation of in exceedence of 
Jew London Naval contaminated soils preliminary 
submarine Base 
jroton, Connecticut 

remediation goal 
was removed 

3HM Remediation 
jervices Corp 
September 8, 1995 

)raft Summary Report Goss Cove Landfill and Goss Cove Landfill, Soil 3 TAL/TCL No VOCs were detected No adverse health Yes 
rf Sampling Activities, Nautilus Museum Site 8 Parameters in the soil, 18 SVOCs effects are 
halytical Results, and were detected int he 
iupplemental Risk 

anticipated for adult 
soils, Two pesticides visitors, child 

ksessment at Goss and one PCB were visitors, or 
Zove Landfill and detected, 20 inorganics employees of the 
Nautilus Museum were detected Nautilus Museum 
jrown & Root 
.nvironmental 

Air 4 Selected Volatile Acetone was the only 

October 20, 1995 
Organics detected volatile in the 

air in the Nautilus 
Museum 
Below the TWA”) 

c Ill ( II 
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4 SUMMARY bF PREVldUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
G NSB-NLON, GROTON, CONNECTICUT 

Anelytieal 

Report Area lmmtigated Associated Phase II RI Site 
Media 

Nwnber of 
Analytical 

Analytical 
Investigated parameters 

Smsnery of Findings 
Historical Data 

Samples 
Recomwxlations Included in 

thr Database 

Final Area A Landfill Area A Landfill, Site 2 Soil 8 Geotechnical l Water table below Do not modify No 
Groundwater/Leachate parameters landfill will be 
Modeling Study Report 

existing cover 
Groundwater 1 TAL/TCL reduced with cover system design with 

for Area A Remedial Seep parameters system 
Design, Naval 

toe drain system 
l Cover system will be 

Submarine Base New stable 
London Groton l Contaminant 
Connecticut, Brown & migration from 
Root Environmental unsaturated to 
Dctober 1996 saturated zone will 

be reduced 
0 Mass flux of 

contaminants of 
concern from landfill 
to wetlands will be 
reduced 

l The main mechanism 
for groundwater/ 
leachate movement 
from landfill to 
wetlands is lateral 
groundwater flow 

l One detection of 
organic and six 
detections of 
inorganics in seep 
sample 

Iraft Design Analysis Area A Landfill Area A Landfill, Site 2 None None None Cap would provide None NA 
Report for Area A sufficient stability and 
Landfill for Naval prevent groundwater 
Submarine Base, New infiltration into the 
London Groton landfill 
Connecticut, Brown & 
Root Environmental 
December 1996 



? TABLE l-l (Continued) 
2 SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
8 NSB-NLON, GROTON, CONNECTICUT 

E 

RCpOrt Area Investigated Ascociatad Phase II RI Site 
Media 

lmrsstigatad 

Nunbsr of 
Analytical 
Sanpler 

Analytical 
paranmters 

Smry of Findings 
Historical 

Racommendations 

Analytical 
Data 

lnsludal in 
th Datebasa 

Final Area A East End Area A East End Area A Landfill, Site 2 Soil 10 TCL VOC l Few detections of The proposed Area No 
Investigation Report for TCLs VOC volatile and A Landfill 
Area A Landfill TCL Pest semivolatile, and multimedia cap 
Remedial Design, TCL PCB inorganics system should not 
Naval Submarine TAL Metals l Results below CT include the Area A 
Base, New London, TPH DEP cleanup criteria east end 
Groton, Connecticut Cyanide 
Brown & Root 
Environmental, 
December 1996 

Revised Draft Focused Area A Area A Soil and None None Evaluated NA 
Feasibility Study for Downstream/OBDA Downstream/OBDA, Sediment l No Action Additional soil and 
Area A Site 3 l Removal of OBDA sediment sampling 
Downstream/OBDA and capping with 
(Site 3), Naval institutional controls Further ecological 
Submarine Base, New l Removal of OBDA and human health 
London, Groton, and excavation and risk assessment 
Connecticut, Brown & offsite disposal of 
Root Environmental, soil/sediment 
December 1996 l Removal of OBDA 

and excavation and 
onsite treatment of 
soil/sediment 

Functions and Values Area A Downstream Area A Vegetation of None None Vegetation present Disturbance of NA 
Assessment of Area A Watercourses Downstream/OBDA, Downstream shows no adverse Lower Pond should 
Downstream Wetlands Site 3 Watercourses effects of contaminants be minimized, less 
and Watercourses, concern with other 
Naval Submarine Base areas 
New London, Groton, 
Connecticut, William A. 
Niering and A. Hunter 
Brawley, December 20, 
1996 
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SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

F NSB-NLON, GROTON, CONNECTICUT 

Report Araa Investigated Associated Phase II RI Site 
Media 

Investigated 

Number of 
Analytical 
Samples 

Analytical 
parameters 

S-q of Fiarliags 
Historical 

Reccrmwedaticas 

Analytical 
Data 

lnoladd in 
the Dahbacc 

Site Investigation Tank Farm The Investigation of Sediment 12 TAL/TCL TPH and inorganics l Perform remedial No 

Report for Tank Farm the pipelines from the Soil 145’ Parameters identified as COCs action at 5 sites 

Investigation Tank Farm include a Surface Water 3 TPH l Perform No 

Naval Submarine Base portion of the Lower Groundwater 122 Further Action at 

- New London Subase Site 6 sites 

Groton, Connecticut l Perform further 

Brown & Root characterization 

Environmental at 2 sites. 

February 1997 

Feasibility Study for DRMO DRMO, Site 6 Soil and None None Evaluated Groundwater NA 

DRMO, Naval Groundwater l No action monitoring to be 

Submarine Base, New 0 Institutional controls conducted 

London, Groton, and monitoring 

Connecticut, Brown & 0 Excavation, offsite 

Root Environmental, disposal, institutional 

February 1997 controls and 
monitoring 

0 Excavation, ex situ 
treatment, and offsite 
disposal 

? 
0 

iii 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

8 NSB-NLON, GROTON, CONNECTICUT 
s 

A I 
is? 

Report Area Imrestigatsd 
Nunbsr of 

Analytical 

Associated Phase II RI Site 
hlsdia 

Analytical 
Analytical 

Stmznary of Findings 
Hictorioal Data 

Investigated 
Samples 

parameters fk3ccrmmrafetices Iesleded in 
th llatabarr 

site Management Plan CBU, Area A Landfill, CBU, Area A Landfill, None None None Ranks of high, medium Results of relative NA 
‘or Naval Submarine Area A Wetland, Area A Area A Wetland, Area A or low were developed risk site evaluation 
3ase, New London, Downstream and Downstream/OBDA, for each site using will be used, in 
Loton, Connecticut, Overbank Disposal Rubble Fill at Bunker Navy’s relative risk , conjunction with 
3rown & Root Area, Rubble Fill at A-86, DRMO, Torpedo ranking procedure. other risk 
!nvironmental, Bunker A-86, DRMO, Shops, Goss Cove Detailed schedules management 
Sbruary 1997 Torpedo Shops, Goss Landfill, Lower Subase, summarizing planned information, to 

Cove Landfill, Oil OBDANE, SASDA, and remedial activities were assist in sequencing 
Wastewater Tank (OT- Area A Weapons also provided remedial work. 
5) Lower Subase (Fuel Center Activities will 
Storage Tanks and Tank proceed following . 

54-H, Power Plant Oil the schedules 
Tanks, Building 79 included. The SMP 
Waste Oil Pit, Building will be updated 
31, Building 316, Berth yearly. 
16, Pier 33, Building 
174, and Classified 
Materials Incinerator), 
OBDANE, SASDA, 
Hospital Incinerator, 
Building 33, Area A 
Weapons Center, and 
Fuel Farm 

Data Gap Investigation Goss Cove Landfill Goss Cove Landfill, Soil 5 TCL Source of chlorinated Further groundwater No 
deport for Goss Cove Site 8 voc compounds is not in characterization as a 
andflll, Naval vicinity of wells separate 
jubmarine Base, New 8MW8S/8MW8D investigation 
nndon, Groton, 
Connecticut, Brown & Groundwater 7 TCL Chlorinated compounds Proceed with the 
Ioot Environmental, voc+ in groundwater are Goss Cove FS 
Larch 1997 Geochemistry migrating onto the Goss separate from 

Cove landfill from a groundwater 
southeast direction investigation 

c II,, 

I’ 

c INI i ill 
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6 SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 
G NSB-NLON, GROTON, CONNECTICUT 

Arcs lcvartigated Associated Phase II RI Site 
Mdia 

Investigated 

N&or of 
Anclyticsl 
Sampler 

Analytical 
parrmcters 

S-ry of FindinSe 
Historical 

Rcccmmendaticnc 

Analytical 
Data 

Included in 
the Databr# 

Draft Work Plan and Fuel Storage Tanks and Lower Subase, Soil None None To be determined after Further No 

Sampling and Analysis Tank 54-H, Power Plan Thames River Groundwater the Remedial characterization. 
Plan for Lower Subase Oil Tanks, Building 79 Surface Water Investigation is Collect additional 

Remedial Investigation, Waste Oil Pit, Building Sediment completed soil, groundwater, 
NSB-NLON, Groton, 31, Building 316, Berth surface water and 
Connecticut, 16, Pier 33, Building sediment samples. 
March 1997 174, Classified Materials Analyze samples for 

Incinerator, and Thames TPH, SVOCs, 
River metals, and natural 

attenuation and 
geochemical 
parameters. 

Existing Data Fuel Storage Tanks and Lower Subase None None None Evaluated existing data Further NA 
Summary Report for Tank 54-H, Power Plant Thames River for Lower Subase to characterization. 
Lower Subase Oil Tanks, Building 79 determine data gaps Collect additional 
Remedial Investigation, Waste Oil Pit, Building that need to be soil, groundwater, 
Naval Submarine 31, Building 316, Berth addressed by the Lower surface water, and 
Base, New London, 16, Pier 33, Building Subase RI. Additional sediment samples. 
Groton, Connecticut, 174, Classified Materials data/zones were Analyze samples for 

March 1997 Incinerator, and Thames evaluated in this report TPH, SVOCs, and 
River that were not evaluated metals. 

in the Phase II RI. 
Additional soil, 
groundwater, surface 
water and sediment 
sampling and analyses 
are required 

Abbreviated Field Rubble Fill at Bunker A- Rubble Fill at Bunker None None None The presence of soil Collect 14 surface NA 
Verification Sampling 86 A-88, Site 3 contamination needs to soil samples 

Activities for Site 4 be determined after the 
Removal Action, Naval removal action 
Submarine Base, New 
London, Groton, 
Connecticut 
(Ongoing) 
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TABLE l-l (Continued) 
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION 

8 NSB-NLON. GROTON, CONNECTICUT 

( 
Yearly Groundwater 
Monitoring Activities 
for DRMO, Brown & 
Root Environmental 
(Ongoing) 

Area lmmtigated Asscoiated Phase II RI Site 

DRMO DRMO, Site 6 Groundwater None None 

1 NA: Not Applicable 
2 VC: Volatile organic compounds 

BNA: base/neutral acids 
Pest/PCB: pesticides and polychlorobiphenols 

3 TCLP: Toxicity Characteristic Leaching Procedure 
TPH: Total Petroleum Hydrocarbons 

4 TSS: Total suspended solids 
6 SVOC: Semivolatile organic compounds 
6 TCE: Trichloroethylene 
7 1 ,P-DCA: 1 ,Bdichloroethene 
8 TBC: To be considered 

S-q of Findings 

Groundwater impacts 
need to be evaluated 
yearly 

Historical 
Racomnsndrticns 

Annlytical 
Data 

Included in 
the Datebar 

Collect 10 
groundwater 
samples every 
quarter 

NA 



Revision 1 
March 1997 

TABLE 1-2 

BACKGROUND SOIL CONCENTRATIONS”’ 
NSB-NLON, GROTON. CONNECTICUT 

Parameter 
Naval Submarine Base Site-Specific Background’2) (mg/kg) 

(0-2 feet) (0-4 feet) 

Aluminum 17,600 17,600 

Arsenic 3.6 3.6 

Antimony 2.05(3’ 2.0513’ 

Barium 39 57.2 

Beryllium 0.72 0.72 

Boron 3.1 t3) 3.1 f3’ 

Cadmium 0.24(3) 0.24t3’ 

Calcium 314 499 

Chromium 19.3 21.5 

Cobalt 7 8 

Copper 17.9 25.6 
I T I 

Iron 16,800 17,200 

Lead 17.5 17.5 

Magnesium 2,460 3,650 

Manaanese 172 188 

Mercury 

Nickel 

o.055t3’ 0.05 

5.0(3’ 5.9!if3) 

Potassium 

Selenium 

669 2,580 

0.445(3’ 0.4d3) 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

0.385(3) 0.385(3jm 

1 6.5(3) 20.5(3’ 

0.105(3’ 0.29 

33.3 35.1 

25.6 31.3 

1 All data taken from Atlantic, 1995. 
2 The site-specific background value is the highest value detected from among all the background soil 

samples collected in April 1995. 
3 Value based on one-half of the highest detection level from among all the background soil samples 

collected in April 1995. 
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2.0 STUDY AREA INVESTIGATION 

This section summarizes the sampling and analytical procedures used for the Phase II RI conducted at 

NSB-NLON. Procedures are discussed for geologic, soil and vadose zone (Section 2.3), groundwater 

(Section 2.4), surface water and sediment (Section 2.5), air investigations (Section 2.6), and ecological 

(Section 2.7). Summaries of the specific samples collected and the analyses performed for each sample 

are provided in Sections 5.0 through 17.0 for each of the individual sites. Figures illustrating sample 

‘locations at individual sites are also provided in Sections 5.0 through 17.0. 

The sampling and analytical procedures used during the Phase I RI, various Focused Feasibility Studies, and 

other supplemental reports are not discussed in this report. Reference should be made to the appropriate 

report for that information. 

All field work, including all sampling and equipment decontamination, was conducted in accordance with 

the USEPA- and CTDEP-approved Phase II RI Work Plan prepared by Atlantic Environmental Services, Inc. 

(Atlantic, May 1993) as modified by Halliburton NUS. All investigation derived wastes (IDW) were collected, 

containerized in 55-gallon DOT-approved drums, stored temporarily on site, and subsequently transported 

and disposed of by Laidlaw Environmental. 

2.1 SAMPLE NOMENCLATURE 

Sample nomenclature for the Phase II RI was based on the system used during the Phase I RI wfth the 

exception of the Phase II RI Supplemental Ecological Sampling. Each Phase II RI sample was assigned a 

sample identification number as outlined in the Field Sampling Plan (Atlantic, May 1993). Each sample 

identification number consisted of several alpha-numeric characters, providing the site number, a sample 

description, the sample number, and sample depth information, as appropriate. Sample nomenclature for 

samples collected during other investigations is not discussed in this report. Reference should be made for 

the appropriate Work Plan or Field Sampling Plan for the relevant discussion of sample nomenclature. The 

sample numbering system for the Phase II RI can be summarized as follows: 

0 Site Number: The site at which a sample was collected was identffied by the site numbers 

outlined in the RI Work Plan (as shown on page l-l). Exceptions include: (1) Area A samples 

which include an additional letter in the sample identification number indicating the location (i.e., 

L for Landfill, W for Wetland, D for Downstream Watercourses, and WC for Weapons Center); 
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(2) Thames River biota samples; (3) prePhase I RI Lower Subase groundwater samples; and 

(4) Phase II RI Supplemental Ecological Samples from the Area A Downstream 

Watercourses/OBDA (i.e., Sl for Stream 1, S2 for Stream 2, S3 for Stream 3, S4 for Stream 4, 

OP for OBDA Pond, UP for Upper Pond, and LP for Lower Pond) and Thames River (i.e., TR for 

Thames River). It should be noted that the site number for the Area A Weapons Center was 

Site 2, but has been renamed, at the direction of the Navy, to Site 20. Site numbers used during 

sampling do not reflect this change. 

0 Sample Description: Samples of various environmental matrices were obtained during the 

Phase II RI. Matrix-specific alpha characters were used as designations in the sample numbers, 

as follows: SS - surface soil; TB - test boring (no well installed); MW - monitoring well (soil 

sample); GW - monitoring well (groundwater sample); SD - sediment; SW - surface water; A - 

air sample; CMU - control mussel; BVO - bivalve-oyster; MU - mussel; BVC - bivalve-clam. All 

samples collected during the Phase II RI Supplemental Ecological Sampling rounds in the Area A 

Downstream Watercourses/OBDA and Thames River have an EC- prefix denoting an ecological 

sample. 

l Sample Number: Individual samples were numbered consecutively for each medium at each 

site and were continued from the previous RI. Monitoring wells for all Area A/Over Bank d 

Disposal Area (OBDA) sites were grouped together and numbered from 1 to 30. The second 

round of groundwater and air samples were indicated with the suffix -2. 

For the supplemental ecological sampling in the Area A Downstream Watercourses/OBDA there 

were four rounds of sampling and the samples were indicated with a suffix of -01 through -04. 

l Sample Depth: The soil sampling depth was indicated with a suffix Indicating the depth (in feet) 

below ground surface (e.g., 15MWl S-0103 was a sample obtained from 1 to 3 feet in boring 

MWl S (shallow) from Site 15). 

0 Other Abbreviations: Other designations used in the sample nomenclature system included the 

following: S - shallow wells; D - deep wells; -D - duplicate sample. 
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2.2 GEOLOGIC INVESTIGATIONS 

The strike and dip of joints and bedding planes were measured at eleven locations in Area A and the DRMO 

using a Brunton compass. These measurements supplement the existing information on bedrock geology. 

The measurements are shown on Drawing 4. 

2.3 SOIL AND VADOSE ZONE INVESTIGATIONS 

Soil and vadose zone investigative procedures are discussed in this section. These investigations included 

two soil gas surveys (Area A Downstream Watercourses and the Torpedo Shops), surface soil sampling, 

completion of soil borings, and subsurface soil sample collection. Investigative procedures are discussed 

in Section 2.3.1. Analytical procedures are discussed in Section 2.3.2. 

2.3.1 Soil and Vadose Zone lnvestiaative Procedures 

The various methods used to investigate the soil and vadose zone at the sites investigated at NSB-NLON 

are discussed in this section. Discussions of soil gas, surface soil, and subsurface soil sampling are 

provided. 

2.3.1.1 Soil Gas Surveys 

Soil gas surveys were conducted at two sites (Torpedo Shops and a portion of the Area A Downstream 

Watercourses/OBDA) at NSB-NLON. The grid surrounding the Torpedo Shops site was layed out around 

Buildings 325 and 450. Forty-eight locations were attempted to be sampled. Three of the forty-eight sample 

locations were not sampled due to the presence of water or interference with utilities. The chemicals of 

concern (COCs) for the Torpedo Shops site were tetrachloroethene, trichloroethene, toluene, benzene, 

acetone, Freon-113, and m-, p-, and o-xylenes. These COCs were selected based on past detected 

contaminants at the site, waste disposal history at the site, and the capabilities of the instrumentation used 

for analyses. 

The study area for the Area A Downstream Watercourses/OBDA site was a 150 by 150 foot grid on 25 foot 

centers. Forty-seven locations were attempted to be sampled. Two of the forty-seven sample locations 

were not sampled due to repeated auger refusal or the presence of water. The COCs for the Area A 

Downstream Watercourses site were tetrachloroethene, trichloroethene, and toluene. 
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Instrumentation, Equipment, and Methodoloqy 

The soil gas probe was constructed of a l/Cinch outside diameter (O.D.) hollow stainless steel tube 

approximately 5 feet long. The sampling end terminated in a fitting that allowed gas to flow in but prevented 

the tube from being clogged by soil. The other end consisted of a tee-fitting with an in-line septum fitting 

perpendicular to the sampling tube (the branch of the tee) and with a section of Teflon tubing attached to 

the fiiing on the run of the tee. The Teflon tubing ran from the sampling tube to a portable air sampling 

pump. 

A slip-hammer was used to predrill the holes for the soil gas probe. At the Torpedo Shops site, a hammer- 

drill was also used to penetrate the blacktop-covered concrete between the two buildings to reach the soil 

layer. A hole of approximately 4 feet was punched with a slip hammer, the probe was inserted and the top 

of the hole was sealed with soil. The soil gas was collected from the area around the bottom of the 

sampling tube, drawn up the tube, and sampled through the septum at the tee. Excess soil gas was 

exhausted through the peristaltic pump. 

The air sampling pump was set on low flow (approximately 1 liter per minute). The soil gas probe was 

attached to the peristaltic pump and at least 10 to 15 seconds elapsed before sampling. This time was 

determined empirically by attaching a working standard vial to the bottom of the soil gas probe, and 

repeatedly measuring the time for the concentration of the standard to maximize in the gas-tight syringe. 

The gas-tight syringe was inserted into the septum at the top of the soil gas probe and two 500 PL syringe 

volumes were withdrawn and discarded. .The third volume was very slowly withdrawn, allowing the soil gas 

to completely fill the syringe, then the syringe plunger was depressed to the 300 PL mark. A second syringe 

was filled in a similar fashion in case a re-sample of the location was required. After removal of the sampling 

rod, ambient air was pulled through the rod to purge the interior of any soil vapors, and the rod was cleaned 

with deionized water. 

The gas chromatographic instrument used to detect the COCs in soil gas was a Photovac lOS50 with the 

internal heater option. The detector in the instrument was a photoionization detector (PID). The 300 PL 

volume of soil gas was injected directly into the GC instrument and a run was triggered. A chromatogram 

was printed for each run. 

Calibration standards were prepared fresh daily and were at a nominal concentration of 1 .O parts per million 

(ppm). A calibration standard was analyzed at the beginning of sampling, at the end of sampling, and at 

least once more during each day. 
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_-- 
Atlantic standard operating procedures (SOPS) 1052 and 1053 were used as specified in the sampling and 

analysis plan for the NSB-NLON sites. This was augmented by telephone conversations with the instrument 

manufacturer, Photovac Corporation, who gave advice on instrument optimization and on the retention 

times. 

All peaks that did not match the approximate retention time of a COC were reported as unknowns. These 

unknown peaks were grouped together and reported as an equivalent of one of the COCs. For the Torpedo 

Shops site samples, these results were reported in the field as a benzene concentration-equivalent. For the 

Area A Downstream Watercourses/OBDA sfte samples, these results were reported in the field as a toluene 

concentration-equivalent. The results from the unknown peaks are not summarized in this Phase II RI 

Report. Additional details regarding soil gas sample analyses are presented in Section 2.3.2.2. 

2.3.1.2 Surface Soil Sampling 

_-- 

The surface soil sampling program was designed to identify the presence of chemicals in the upper 6 inches 

of soil (for the purposes of the risk assessment, soils from 0 to 24 inches were treated as surface soils). 

A total of eight O-6 inch deep surface soil samples were collected during Phase II RI. Surface soil sampling 

protocols specified in Atlantic SOP No. 1020 were followed. Only discrete (grab) samples were collected 

and were obtained with stainless-steel trowels. 

Three surface soil samples and one duplicate, making a total of four soil samples, were collected in 

July 1995 at the Goss Cove Landfill site as a supplemental characterization effort to the Phase II RI. One 

sample was collected within the picnic area and two were collected around the submarine exhibits outside 

of the Nautilus Museum. Areas which receive a high volume of traffic (visitors or workers) were targeted . 

for sampling. For example, samples were taken in proximity to outside submarine exhibits where plaques 

are located which can be read by the visitors. All soil (soil from depths of 0 to 10 feet) samples were 

analyzed for Target Compound List volatile organic compounds (TCL VOCs), TCL semivolatile organic 

compounds (SVOCs), TCL pesticides/PCBs, and Target Analyte List (TAL) metals plus cyanide. A rinsate 

blank, from the trowel used to collect the soil samples, was sent for analysis to verify decontamination 

techniques, 

2.3.1.3 Soil Borings and Subsurface Soil Sampling 

The objectives of the soil boring program were to characterize the physical properties and to classify 

subsurface soils, to identify areas of potential soil contamination, and to estimate the lateral and vertical 

nature and extent of soil contamination. A total of 119 soil borings were drilled at NSB-NLON during the 
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Phase II RI; 47 of these were completed as overburden or overburden/bedrock monitoring wells, 5 were 

completed as observation wells, 1 was completed as a pumping test well, and 16 were completed as 

bedrock monitoring wells. The remaining 50 borings were test borings. 
4 

The borings were drilled from November 1993 through March 1994 by East Coast-Thomas Environmental 

of Wallingford, Connecticut. Brown & Root Environmental personnel supervised and inspected drilling 

activities, logged and field screened soil samples, and collected soil samples for laboratory analyses. Test 

borings were advanced until auger refusal or to approximately 20 feet below ground surface, or to the 

desired depth for well installation. 

The borings were advanced with 4%inch inside diameter (I.D.) hollow-stem augers using either a CME-55 

or CME-75 truck-mounted drill rig or Diedrich D-50 track-mounted drill rig. Soil samples were collected 

continuously with 2-foot-long split spoon samplers in accordance with Atlantic SOP No. 1021. Physical 

characteristics (such as color, density, lithology, and moisture), any visual evidence of contamination (i.e., 

odor, sheen, or staining), and field screening results for soil samples were recorded on boring logs. All soil 

(soil from depths of 1 to 10 feet) samples were field screened with an HNu PlOl or OVM-B organic vapor 

analyzer to determine the potential presence of volatile organics. Bedrock core samples from selected 

borings were collected with either NX or HQ core barrels with diamond core bits. Liihologic descriptions 

and presence/orientation of fractures in the core samples were recorded in the boring logs. Boring logs 

are provided in Appendix A. 
-4 

For the phase II RI a total of 124 soil samples from 83 soil borings were submitted for laboratory analyses. 

Soil samples were selected for laboratory analyses based on field screening results, visual evidence of 

contamination, pre-determined depth, or proximity to the groundwater table. Specific analyses and soil 

sampling intervals are summarized for individual sites in subsequent sections of this report. 

2.3.2 Analytical Procedures 

This section discusses various analytical procedures used for soil and soil gas samples collected during the 

Phase II RI. Both fixed-base laboratory services and various field screening techniques were used. 
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2.3.2.1 Fixed-Base Laboratory 

The following fixed-base analytical methods were employed for the soil sampling and analysis program 

during the NSB-NLON Phase II RI: 

0 Target Compound List (TCLI volatile organic compounds, semivolatile organic compounds, and 

pesticide and PCB compounds were analyzed in accordance with the EPA Contract Laboratory 

Program (CLP) Statement of Work (SOW) for Organic Analysis Multi-Media, Multi-Concentration 

(Document Number OLMOl.8). 

0 TarQet Analvte List (TAL) inorganlcs (metals, cyanide, and an additional analyte [boron]) were 

analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media, 

Multi-Concentration (Document Number ILM02.1). Based on the absence of any metal 

contamination (with the exception of lead) during the Phase I RI soil samples collected at the 

Lower Subase were not analyzed for the full Target Analyte List during Phase II. These samples 

were analyzed only for lead using the aforementioned method in accordance with the approved 

work plan. 

0 Dioxins were analyzed using the EPA CLP SOW for Dioxin Analysis Multi-Media, 

Multi-Concentration (Document Number DFLMOl .O). 

l Toxicity Characteristic Leaching Procedures (TCLP) were performed using SW-846 Method 

1311, followed by SW-846 Methods 8240, 8270, 8080, 8150, and the 7000 series (volatile 

organics, semivolatile organics, pesticides, herbicides, and metals, respectively.) 

0 EnQineerinQ Parameters: grain size distribution was measured by ASTM D422; moisture 

content was measured by ASTM D2216; specific gravity was measured by ASTM D854; organic 

content was measured by ASTM D2974; pH was measured by SW-846 Method 9045; cation 

exchange capacity (CEC) was measured by SW-846 Method 9081; and total organic carbon 

(TOC) was analyzed by the Walkley-Black Procedure from Methods of Soil Analvsis Part 

2 - Chemical and Microbiological Properties. 

Not all soil samples at each of the sftes were analyzed for the complete set of analytical parameters. A more 

detailed discussion of the analytical program specific to each site is included in the site-specific sections of 

this RI report (i.e., Sections 5.0 through 17.0). 
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Engineering parameter analyses of soil samples were performed by the Halliburton NUS Laboratory in 

Pittsburgh, Pennsylvania and by Geotesting Express in Concord, Massachusetts. All other soil sample 

analyses were performed by Southwest Laboratory of Oklahoma in Broken Arrow, Oklahoma. 

2.3.2.2 Soil Gas Survey 

The soil gas analysis was completed using a Photovac Model 1 OS50 portable gas chromatograph (GC) with 

a CPSIL-5 capillary column and photoionization detector (PID) in accordance with Atlantic Procedure 

No. 1053. Daily GC settings were as follows: oven temperature of 40°C; column flow of 10 mL/min 

(ultra-high-purity air carrier); gain of 50; injection volume of 300 pL; and analysis time of 1,000 seconds. 

The GC was calibrated by injecting qualitative and quantitative standards. These standards are as follows: 

0 Headspace stock standards diluted in deionized water: acetone, Freon-l 13, and benzene at 

10 ppm each; and benzene, trichloroethene, tetrachioroethene, toluene, and xylenes (o-, m-, 

and p-) at 20 ppm each. 

0 Standard of 1 ppm benzene, trichloroethene, tetrachloroethene, toluene, and xylenes (o-, m-, 

and p-). 

4 
0 Ambient air quality control sample. 

The peaks in the soil gas samples were identified by comparison of retention times to known standards. 

Standards were run at the beginning, middle, and end of each day, and when and if shifting retention times 

were observed. 

2.3.2.3 Soil Sample Chromatography (GC) Screening 

Ten soil samples from the Area A Landfill were field screened for PCBs using GC. All soil samples were 

analyzed using a field GC and those soil samples yielding the highest PCB concentrations were sent to a 

fixed-base laboratory (Southwest Laboratory of Oklahoma) for analyses. Sample locations for the Area A 

Landfill and analytical results are discussed in subsequent sections of this report. 

The soil field screening was conducted using a Hewlett-Packard HP5890 Series II portable GC with a dual 

electron capture detector (ECD). A glass column (1.8-m by l/Cinch outside diameter) packed with 

1.5% SP-2250/1.95% SP-2401 on 100/l 20 mesh Supelcoport was used. Ultra-high-purity nitrogen was used 
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as carrier gas and make up for the ECD. Hallibunon NUS Corporation Close Support Laboratory SOP 

No. CSLO9 (Pesticide/Polychlorinated Biphenyl Analysis [solid matrix]) was followed. 

Daily GC settings were as follows: isothermal oven temperature - 220%; injection port temperature - 300°C; 

detector temperature 350°C; flow rate - 30 mL/min (ultra-high-purity nitrogen carrier); injection volume - 

2 pL; run time - 20 minutes. The following standards were used: 

0 Commercially prepared PCB standards were used including Aroclor-1248 at a concentration of 

100 pg/mL and Aroclor-1254 at a concentration of 100 pg/mL in iso-octane. 

0 Commercially prepared standards were diluted in iso-octane at three concentration levels 

(0.2 mg/L, 1.0 mg/L, 5.0 mg/L). 

b A surrogate spiking solution of decachlorobiphenyl and tetrachloro-m-xylene at concentrations 

of 200 pg/mL each diluted in iso-octane to an on-column concentration of 20 ng; a matrix 

spiking solution of Aroclor-1254 at a concentration of 200 pg/mL diluted in iso-octane to a 

on-column concentration of 20 ng. 

To prevent carry over, the column was baked for a short period of time and flushed with hexane between 

analyses. Samples were extracted using 5 grams of sample and 3 grams of anhydrous sodium sulfate in 

8 mL of hexane. This solution was mixed thoroughly and a portion of the supernatant was injected to the 

packed column. 

The peaks in the sediment samples were identified via retention time comparison with the standards 

discussed previously. Mid-point concentration standards were run at the beginning, middle, and end of each 

day, and whenever an indication of shifting retention times occurred. 

Sample results were corrected for moisture content. Therefore, the soil samples underwent a separate 

procedure to determine percent moisture. Sediment samples were measured for moisture content using 

Halliburton NUS Corporation Close Support Laboratory SOP No. CSLlO (Percent Moisture Determination 

for Solid Matrices). Sample weights (wet weight) were recorded and the samples were placed in a drying 

oven at 103% for 4 to 6 hours. The samples were then cooled to room temperature and weighed again 

to determine dry weight. Percent moisture was determined from the wet weight and dry weight 

measurements. 
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2.3.2.4 Soil Lead Screening 

Soil samples collected at four sites (the Goss Cove Landfill, the DRMO, the Spent Acid Storage and Disposal 

Area, and the Lower Subase) were screened for lead content using a portable, lead-specific Scitec X-ray 

Fluorescence (XRF) analyzer (Model No, FA3C) containing a cadmium-109 source. The results of the XRF 

screening were used to determine how far to advance test borings. Atlantic Technical SOP No. GTP002 and 

USEPA Method FM-3 were used. A paint block standard was used for calibration in accordance with the 

manufacturer’s instructions. 

2.3.2.5 Soil Headspace Analysis 

Soil samples collected at the Area A Weapons Center were screened for total volatile organic vapor. Soil 

samples were heated in an oven at 80% for 10 minutes. The headspace of each sample was then analyzed 

using an Therm0 Environmental Instruments organic vapor meter/datalogger (Model 5808). The instrument 

was calibrated with methylene chloride (53.7 ppm) in nitrogen gas, according to the manufacturer’s 

instructions at the start of sample analysis and at the end of each run day. A total of 39 soil samples were 

screened and eight of these samples were sent to a fixed-base analytical laboratory (Southwest Laboratory 

of Oklahoma) for further analyses. 

+ 
2.4 GROUNDWATER INVESTIGATIONS 

The objectives of the Phase II RI groundwater investigation at NSB-NLON were to assess groundwater 

quality and define the nature and extent of groundwater contamination. The groundwater investigations also 

provided hydrogeologic information for some sites. Table 2-l provides a summary of well construction and 

hydrogeologic information by site for the monitoring wells installed during the Phase II RI and during 

complementary Area A Landfill and Tank Farm investigations perform subsequent to the Phase II RI field 

work. Table 2-2 provides similar information for all pre-Phase II RI wells. 

2.4.1 Drilling and Well Construction Procedures 

A total of 63 permanent groundwater monitoring wells, 5 observation wells, and 1 pumping test well were 

installed during the Phase II RI. Boring logs and well construction diagrams are included in Appendix A. 

The locations of these wells are discussed in subsequent site-specific sections of this report. The monitoring 

wells were installed as either single wells or well clusters. Typical well clusters consisted of a shallow 

overburden monitoring well and a deep bedrock well. Exceptions consisted of either a shallow overburden 

well and a deep overburden well (if bedrock was not encountered) or a shallow bedrock well and a deep 
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bedrock well (if bedrock was encountered at a shallow depth so as to prohibit the installation of an 

overburden well). Groundwater monitoring intervals were selected to intersect the first significant 

water-bearing zone in the overburden or bedrock for shallow or deep monitoring wells, respectively. 

East Coast-Thomas Environmental of Wallingford, Connecticut provided drilling services, equipment, and 

materials for the installation of the monitoring wells. The monitoring wells were installed from 

November 1993 through March 1994. Brown & Root Environmental personnel supervised and inspected 

drilling activities and logged boring and well construction information. 

The Supplemental Area A Landfill investigation and the Tank Farm investigation were performed in 

September through November 1995. An additional 26 monitoring wells and piezometers 23 overburden and 

3 bedrock were installed during the Supplemental Area A Landfill investigation, and 22 overburden 

monitoring wells were installed during the Tank Farm investigation. Well drilling and construction techniques 

were the same as with Phase II RI wells. 

Overburden Monitorinq Wells 

A total of 39 overburden monitoring wells, 5 observation wells, and 1 pumping test well were installed during 

the Phase II RI. Of the 39 overburden monitoring wells, 32 wells were shallow overburden monitoring wells 

and 7 wells were deep overburden monitoring wells. All overburden wells were installed by advancing 

hollow-stem augers with an inside diameter (I.D.) of 4% inches (except for the pumping test well, which was 

advanced with 8%“-I.D. hollow-stem augers) with either a CME-55 or CME-75 truck-mounted drill rig or 

Diedrich D-50 track-mounted drill rig. Split-spoon samples of the subsurface soil were collected continuously 

as described in Section 2.3.1.3. 

The overburden wells were constructed of 2-inch-diameter, flush-joint and threaded, Schedule 40 PVC casing 

and O.OlO-inch slotted well screen fitted with a bottom cap, except for the pumping test well which was 

constructed of 4-inch, Schedule 40 PVC casing and O.OlO-inch slotted well screen. Well screens were 

typically 10 feet in length and were installed to intersect the water table. The top of the well screens were 

placed at least 1 foot above the static groundwater elevation as determined during drilling to allow for 

seasonal fluctuations. This procedure could not be followed at all locations as a result of the proximity of 

the water table to the ground surface. Such wells were screened at or below the water to allow for 

placement of a proper seal around the well at the ground surface. The annulus between the well screen and 

the borehole wall was backfilled with washed Ottawa silica sand to a depth of 1 foot above the top of the 

well screen. The annular space above the sand pack was then backfilled with a 2-foot bentonite seal. The 

remaining annular space was backfilled with a cement-bentonite (6-to-1 ratio, respectively) mixture using a 
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tremie pipe. A 4-inch flush-mounted or standing protective steel casing was cemented at the ground 

surface. 

Bedrock Groundwater Monitoring Wells 

A total of 16 bedrock groundwater monitoring wells were also installed during the Phase II RI. All bedrock 

monitoring wells were installed to monitor deep bedrock groundwater (except for well 7MW4S which was 

installed by coring and reaming methods as a shallow bedrock well) and were cased through the overburden 

to the bedrock interface with steel casing to prevent potential downward migration of contaminants. All 

bedrock monitoring wells (except wells 2WMW5D and 7MW4S) were installed with a Chicago 672 Pneumatic 

truck-mounted drill rig. Using air rotary drilling techniques, an 8%-inch or lO%inch air-hammer bit or rollerbit 

was advanced through the overburden and at least 5 feet into bedrock as verified by inspection of the drill 

cuttings and core samples. At two wells (6MW6D and 2LMW20D), mud rotary drilling techniques were 

employed to stabilize the borehole wall. A 6-inchdiameter steel casing was then pressure grouted into the 

bedrock with a cement-bentonite slurry (except for well 2LMW20D, in which a 8%inch-diameter steel casing 

was installed). After the grout had set for at least 24 hours, a 5XJnch air hammer bii was advanced through 

the casing to the first significant water-bearing zone encountered in bedrock, at least 20 feet below the 

bedrock surface. A flow rate of approximately 1 gpm or greater was considered an adequate fiow. All 

bedrock monitoring wells were unscreened, except for wells 2WMW5D and 7MW4S. Wells 2WMW5D and 

7MW4S were installed by coring and reaming a 6-inch borehole Into bedrock and were screened like the 

shallow overburden monitoring wells, as previously discussed. 

Overburden/Bedrock Monitorinq Wells 

A total of 8 overburden/bedrock monitoring wells were installed during the Phase II RI. These monitoring 

wells were installed with well screen intervals straddling the overburden and bedrock interface, where a thin 

layer of overburden did not permit the installation of a shallow overburden monitoring. These wells were 

installed using either air rotary drilling techniques or a combination of hollow-stem augering and coring and 

reaming or water rotary drilling techniques. The wells were screened in a manner similar to the shallow 

overburden monitoring wells. Boring logs and well construction diagrams for the Phase II RI wells are 

included in Appendix A. Well construction and all wells are provided on Tables 2-l and 2-2. 

All monitoring wells were developed to remove fine materials from the sand pack a minimum of 24 hours 

after well installation. Shallow monitoring wells were developed with either a peristaltic pump or submersible 

centriiugal pump. The deep monitoring wells were developed with either a submersible pump or a hand 

pump. Groundwater temperature, specific conductance, dissolved oxygen, salinity, pH, and turbidity were 

monitored with a Horiba Water Quality Checker during monitoring well development. Well development was 

considered complete after these parameters had stabilized (i.e., varied less than 10 percent) and turbidity 
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was less than 50 nephelometric turbidity units (NTUs) or after seven well volumes had been purged or 

4 hours had elapsed, whichever was greater. 

2.4.2 Groundwater Sampling Procedures 

Brown & Root Environmental personnel collected two rounds of groundwater samples for the Phase II RI 

from January through July 1994. All of the 63 monitoring wells and the pumping well installed by Halliburton 

NUS during the Phase II RI were sampled, as well as 60 monitoring wells installed by Atlantic, and 

7 monitoring wells on the Lower Subase installed during previous investigations. Summaries of the 

groundwater sampling program are provided on a site-specific basis In subsequent sections of this RI report. 

Groundwater samples were analyzed for various parameters including some or all of the following: VOCs, 

SVOCs, pesticides, PCBs, inorganics (total and dissolved), TPH, radiological analyses, dioxins, and 

engineering characteristics. 

All groundwater samples and associated quality control samples were collected in accordance with the 

sampling and analysis program/procedures outlined in the Phase II Remedial Investigation Field Sampling 

Plan (Atlantic, May 1993) and the Phase II Remedial Investigation Quality Assurance/Quality Control and 

Data Management Plan (Atlantic, May 1993). All shallow overburden wells were purged with a peristaltic 

pump outfitted with dedicated Teflon@ tubing or a 2-inch submersible centrifugal pump and were typically 

sampled with a peristaltic pump outfiied with dedicated Teflon@ tubing. Dedicated Teflon@ bailers were used 

for VOC sampling. In bedrock wells, a 4-inch Grundfos submersible centrifugal pump or e-inch submersible 

centrifugal pump was used for purging, and the samples were collected with Teflon@ bailers. All 

groundwater samples were collected at least 2 weeks after well development had been completed. 

Prior to the extraction of any groundwater, the depth to water and the total well depth was measured to the 

nearest 0.01 foot using an electronic water level indicator. The well volume was then calculated. The water 

level indicator was properly decontaminated between wells. A minimum of three well volumes was purged 

prior to groundwater sampling. Groundwater quality parameters (pH, temperature, turbidity, dissolved 

oxygen, salinity, and specific conductance) were measured at regular intervals during purging. Groundwater 

samples were collected after these parameters had stabilized to within a 5 percent variance between 

successive measurements. Sample parameter measurements and static water level and well depth 

information were recorded on sample log sheets. Stabilized well purging parameters are provided in 

Appendix D.14. If a well was purged dry, it was sampled within 24 hours after sufficient recharge had 

occurred. 

- 
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Wells purged dry during Round 1 and Round 2 sampling are as follows: 

Round 1 

2LMW-7S 

2LMW-13s 

2LMW-13D 

2DMW-15D 

2DMW-23D 

2DMW-26D 

2DMW-27D 

2DMW-28D 

2WMW-3D 

2WMW-22D 

7WM-5D 

8MW-8s 

Round 2 

8MW-8s 

8MW-8D 

2DMW-16D 

2DMW-23D 

2LMW-7S 

2LMW-8D 

2LMW-9S 

2LMW-19D 

2WMW-2D 

2WMW-3D 

2WMW-6S 

2WMW-15 

NESO 10-2 

15MW-3S 

In wells purged with a peristaltic pump, the nonvolatile fractions of the sample were collected through the 

discharge end of the tubing. Following the collection of the nonvolatile fractions, the peristaltic pump tubing 

was removed from the well, and the volatile sample was collected with a dedicated Teflon@ bailer. When 

a bailer was used to collect all sample fractions, the volatile sample was collected first to avoid the loss of 

volatiles through agitation of the groundwater by the bailer. All samples for dissolved metals analysis were 

field filtered with an in-line 0.45-micron disposable filter. Analytical results for the groundwater samples are 

summarized in Sections 5.0 through 17.0. 

2.4.3 Analytical Procedures 

The following analytical methods were employed for the groundwater sampling and analysis program for 

the NSB-NLON Phase II RI: 

l Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed 

in accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration 

(Document Number OLMOl.8). 

0 Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were 

analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media, 

Multi-Concentration (Document Number ILM02.1). Groundwater samples were collected and 
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submitted for total and dissolved metals. The samples submitted for dissolved metals analysis 

were field filtered. 

0 Total Petroleum Hydrocarbons (TPH) were analyzed in accordance with EPA-600/4-79-020 

Method 418.1. 

0 Radioloqical Analyses were analyzed in accordance with Test Methods for Evaluating Solid 

Waste: Physical and Chemical Methods, EPA/SW-846, Method 9310. 

0 Engineering Parameters: biochemical oxygen demand (BOD) was analyzed by Method 405.1; 

chemical oxygen demand (COD) was analyzed by Method 410.2; total organic carbon (TOC) 

was analyzed by Method 415.1; oil and grease was analyzed via Method 413.1; total suspended 

solids (TSS) were analyzed by Method 160.2; ammonia was analyzed by Method 350.2; total 

phosphorus was analyzed via Method 365.1; and hardness was analyzed by Method 130.1. All 

of the aforementioned methods are from Methods for the Analysis of Water and Wastes 

(EPA-600/4-79-020). 

Y--- 
Groundwater samples were analyzed for various analytical parameters at each of the study areas. A more 

detailed discussion of the analytical program specific to each study area is included in subsequent 

site-specific sections of this RI report (specifically Sections 5.0 through 17.0). All groundwater sample 

analyses were performed by Southwest Laboratory of Oklahoma, in Broken Arrow, Oklahoma. 

2.4.4 Water Level Measurements 

Monthly water level measurements were conducted at 31 locations for 1 year to provide hydraulic data to 

construct a basewide groundwater contour map and to assess seasonal variations in the water levels. The 

31 locations included 9 single monitoring wells, 18 monitoring well clusters, 1 offsite residential well, and 

3 surface water staff gauges. Wells used for monthly water level measurements are summarized in 

Table 2-3. Wells MW-6, 2WMWlD, OSW-28, and OSW-29 were eliminated from the monthly water level 

measurements because MW-6 had been destroyed and the others could not be located by Brown & Root 

Environmental personnel. 

Groundwater elevations measured in March 1994, August 1994, and November 1995 were used to construct 

basewide groundwater contour maps. Water level measurements were obtained with an M-Scope Water 

--/‘ 
Level Indicator and were recorded to the nearest 0.01 inch. Accurate measurements for the flowing artesian 

well 4GW4D could not be made. 
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2.4.5 Aquifer Characteristic Investigations 

Seven single well hydraulic conductivity tests, one stepdrawdown test, and one pump test were conducted 

at NSB-NLON. Single well hydraulic conductivii tests were conducted at several monitoring wells across 

NSB-NLON to determine local aquifer characteristics. One stepdrawdown and aquifer pumping test were 

conducted to evaluate the feasibility of pump-and-treat groundwater remediation at the Area A Landfill. 

2.4.5.1 Single Well Hydraulic Conductivity Tests (Slug Tests) 

Single well hydraulic conductivity tests were performed in accordance with procedures outlined in the 

Phase II Remedial Investigation Work Plan (Atlantic, May 1993). Rising- and falling-head slug displacement 

tests were performed at overburden monitoring wells 4MW2S, 6MW3D, 6MW7S, 8MW2S, 8MW2D, 15MWl S, 

and 15MW3S. 

Slug tests were performed using a 5-foot-long, 0.1 -foot-diameter solid plastic slug. The slug was lowered 

and raised with polypropylene rope. A pressure transducer and a Hermit 1000 data logger recorded water 

level data during the tests. 

Prior to each slug test, the static water level was measured with an M-Scope electronic water level indicator. 

The pressure transducer was placed in the well and allowed to equilibrate. After the water level had returned 

to its static position, the slug was inserted into the well for the falling-head test. Water levels were measured 

continuously by the pressure transducer and recorded by a data logger. After the water level recovered to 

its static position, the water level was remeasured with the water level indicator, and the slug was withdrawn 

from the well for the rising-head test. Water level measurements were logged and recorded in the same 

manner as the falling-head test. Recovery plots and calculations are provided in Appendix C. Hydraulic 

conductivity test results are discussed in Section 4.6.3.2. 

2.4.5.2 StepDrawdown Test 

A stepdrawdown test was conducted in well 2LPWl S to determine the optimum pumping rate for the aquifer 

pumping test at the Area A Landfill. Drawdown and discharge measurements recorded during the 

stepdrawdown test were used to empirically determine an optimum yield and to determine the efficiency 

of the well. 

Pressure transducers and a Hermit 2000 data logger recorded water level data in the pumping test well and 

all the observation wells, except 2LOW4S during the stepdrawdown test. In addition, an In-situ pressure 
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transducer and a Hermit 1000 data logger were used to record background trend data in monitoring well 

2LMW18S. A submersible pump was used for groundwater pumping. 

Prior to beginning the stepdrawdown test, the pressure transducers and pump were placed in the wells and 

allowed to equilibrate to the water temperature and pressure. The pump and data logger were started 

simultaneously to begin the stepdrawdown test. The initial pumping rate for pumping well 2LPWlS was 

2.0 gallons per minute (gpm). The pumping ratewas stepped up to 4.1 gpm 194 minutes into the test. The 

initial stepdrawdown test was ended 244 minutes into the test, after pumping ceased as a result of pump 

failure. A second stepdrawdown test was begun with an Initial pumping rate of 5.1 gpm. The pumping rate 

was stepped up to 8.2 gpm at 100 minutes. The second step-drawdown test was ended at 300 minutes, 

and the water level recovery was measured for an additional 1,000 minutes. Drawdown and recovery data 

are provided in Appendix C. 

Drawdown and recovery data were plotted against a logarithmic time-scale to identify a sustainable pumping 

rate for the pumping test. These plots are provided in Appendix C. An optimum pumping rate of 2.0 gpm 

was chosen for the pumping test. 

f--. 
Groundwater removed from the aquifer during the stepdrawdown test was collected in an aboveground 

contaminant tank and transported to an offsite disposal facility by Clean Harbors Environmental Services. 

2.4.5.3 Aquifer Pumping Test 

A 72-hour aquifer pumping test was conducted in the overburden materials in the northwest section of the 

Area A Landfill to further evaluate the feasibility of pump-and-treat groundwater remediation. The aquifer 

test design included one pumping well (2LPWlS) and five observation wells located at different distances 

from the pumping well. The observation wells were installed to form two orthogonal radial lines from the 

pumping well. Observation wells 2LOWlS and 2LOW3S were located 10 feet and 50 feet, respectively, 

northeast of pumping well 2LPWl S. Observation wells 2LOW2S and 2LOW4S were located 20 feet and 

100 feet, respectively, northwest of 2LPWlS. Observation well 2LOWlD was located 10 feet southwest of 

2LPWl S. The pumping test well and all observation wells, except 2LOWl D, were screened in the surficial 

water table aquifer. Observation well 2LOWl D was screened in a confined sandy unit below the clayey silt 

layer that directly underlies the surficial water table aquifer. Drawdown rates in the observation wells were 

used to study both timedrawdown and distance-drawdown relationships. 

+S-. 
Pressure transducers and a Hermit 2000 data logger were used to record water level data logarithmically 

in the aquifer pumping test well and all the observation wells with the exception of 2LOW4S. In addition, 
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an pressure transducer and a Hermit 1000 data logger recorded background trend data linearly in 

monitoring well 2LMWl8S. A submersible pump was used to pump groundwater and produce the 

drawdown in the aquifer. 
-4 

Monitoring wells 1 MW2S, 2LMW7S, 2LMW7D, 2LMW8S, 2LMW8D, 2LMW9S, 2LMW9D, 2LMWl3,S 2LMW130, 

2LMW18S, 2LMW18D, 4MW2S, 4MW3S, 4MW4S, and 4MW4D served as additional observation wells during 

the aquifer pumping test. Monitoring wells 1 MW2S, 2LMW7S, 2LMW8S, 2LMW9S and 2LMWl3S provided 

water level measurements at distances greater than 200 feet from the pumping well. Water level 

measurements in monitoring wells 2LMW7D, 2LMW9D, 2LMW13D, and 4MW2S, 4MW3S, 4MW4S and 

4MW4D (screened in the bedrock aquifer) were obtained to evaluate the hydraulic interconnection between 

the overburden aquifer and the bedrock aquifer. Monitoring well 2LMW18S was monitored to assess 

background variations of hydraulic head in the overburden aquifer. 

After a pumping rate of 2.0 gpm was selected based on the results of the stepdrawdown test and the water 

levels within the pump test well cluster had returned to static levels, a 72-hour constant rate aquifer pumping 

test was conducted. Prior to beginning the aquifer pumping test, static water level measurements were 

taken in the pumping test well, the observation wells, and the additional monitoring wells. The pump and 

data logger were started simultaneously to begin the aquifer pumping test. The pumping discharge rate was 

measured repeatedly at the beginning of the test to set the desired flow rate, then once every half hour for 

the duration of the test. Necessary adjustments were made to maintain the pumping rate constant at 

2.0 gpm. Manual water level measurements in the pumping test well, the observation wells, and the 

additional monitoring wells were obtained at least once every 3 hours to verify the data logger 

measurements in the pumping test well and observation wells and to measure drawdown in the additional 

monitoring wells. Recovering water levels were recorded after the pump was turned off. Aquifer pumping 

test data, plots, and calculations are provided in Appendix C. 

Groundwater removed from the aquifer during the pump test was collected in an aboveground contaminant 

tanks and transported and disposed at an offsite facility by Clean Harbors Environmental Services. 

2.5 SURFACE WATER AND SEDIMENT INVESTIGATIONS 

This section describes the surface water and sediment sampling and analysis procedures conducted during 

the Phase II RI at NSB-NLON. 
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2.5.1 Sampling Procedures 

A total of 52 surface water samples was collected during one sampling round and the samples were 

analyzed for various constituents. Surface water samples and analyses are identified in sample summary 

tables included in Sections 5.0 through 17.0. Surface water samples were collected by direct bottle fill in 

accordance with Atlantic SOP 1022. 

A total of 75 sediment samples was collected during one round of sampling and an additional sediment 

sample was collected in a second round of sampling. Of the 76 total samples collected, 29 samples were 

field analyzed with a portable GC for pesticides and PCBs, 4 of the 29 samples field screened with the 

portable GC and the remaining 47 of the 76 samples were sent for laboratory analyses. Sediment samples 

and analyses are provided in sample summary tables included in Sections 5.0 through 17.0. Sediment 

samples were collected with stainless-steel trowels in accordance with Atlantic Procedure 1022. All samples 

were discrete (grab) samples. 

2.5.2 Analytical Procedures 

Fixed-base laboratory analyses and field screening methods were used for the Phase II RI surface 

water/sediment investigation. The fixed-base and field methods are discussed in Sections 2.5.2.1 

and 2.5.2.2, respectively. 

2.5.2.1 Fixed-Base Laboratory 

The following fixed-base laboratory analytical methods were employed for the Phase II RI surface water and 

sediment sampling program at NSB-NLON: 

0 Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCBs were analyzed in 

accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration 

(Document Number OLM01.8). 

0 Target Analyte List (TALl inorganics (metals, cyanide, and an additional analyte [boron]) were 

analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media, 

Multi-Concentration (Document Number ILM02.1). Surface water samples were submitted for 

analysis of total and dissolved metals. Samples submitted for dissolved metals were field filtered 

before shipment to the laboratory. 
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Additional analyses were also completed for surface water samples as follows: 

f 
0 Enqineerinq Parameters: BOD was analyzed by Method 405.1; COD was analyzed by Method 

410.2; TOC was analyzed by Method 415.1; oil and grease was analyzed by Method 413.1; TSS 

were analyzed by Method 160.2; ammonia was analyzed by Method 350.2; total phosphorus was 

analyzed by Method 365.1; and hardness was analyzed by Method 130.1. All of the 

aforementioned methods are from Methods for the Analysis of Water and Wastes 

(EPA-600/4-79-020). 

In addition, sediment samples were analyzed for the following parameters: 

0 Dioxins were analyzed in accordance with using the EPA CLP SOW for Dioxin Analysis 

Multi-Media, Multi-Concentration Document Number DFLMOl .O. 

0 Toxicity Characteristic Leaching Procedures (TCLP) was performed in accordance with 

SW-846 Method 1311, followed by SW-846 Methods 8240,8270,8080,8150, and the 7000 series 

(volatile organics, semivolatile organics, pesticides, herbicides, and metals, respectively.) 

0 Engineering Parameters: grain size distribution was tested by ASTM D422; moisture content 

was measured by ASTM D2216; specific gravity was measured by ASTM D854; organic content 

was measured by ASTM D2974; pH was measured by SW-846 Method 9845; CEC was measured 

by SW-846 Method 9081; and TOC was analyzed by the Walkley-Black Procedure from Methods 

of Soil Analysis Part 2 - Chemical and Microbiological Properties. 

The surface water and sediment samples collected were analyzed for various analytical parameters at each 

of the study areas. A more detailed discussion of the analytical program specific to each study area is 

included in subsequent sections of this RI report. 

Engineering parameter analyses of sediment samples were performed by the Halliburton NUS Laboratory 

in Pittsburgh, Pennsylvania and by Geotesting Express in Concord, Massachusetts. All other surface water 

and sediment sample analyses were performed by Southwest Laboratory of Oklahoma in Broken Arrow, 

Oklahoma. 
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2.5.2.2 Sediment GC Screening 

Sediment samples from the Area A Wetland and Downstream Watercourses were field screened for 

pesticides via gas chromatography. The sediment field screening was conducted using a Hewlett- 

Packard HP5890 Series II portable GC, a glass column (1.8-m by l/Cinch outside diameter) packed with 

1.5% SP-2250/1.950/o SP-2401 on 100/120 mesh Supelcoport, and a dual Electron Capture Detector (ECD). 

Ultra-high-purity nitrogen was used as carrier gas and make up for the ECD. Halliburton NUS Corporation 

Close Support Laboratory SOP No. CSL07 (Organochlorine Pesticides Analysis - Solid Matrix) was followed. 

Daily GC settings were as follows: isothermal oven temperature - 215OC; injection port temperature - 300°C; 

detector temperature - 350°C; flow rate - 70 mL/min (ultra-high-purity nitrogen carrier); injection volume - 

2 pL; run time - 15 minutes. The following standards were used: 

a A commercially prepared pesticide performance evaluation mixture contained varying known 

concentrations of alpha-BHC, heptachlor, gamma-BHC, endosulfan I, dieldrin, endrin, 4,4’-DDT, 

4,4’-DDD, 4,4’-DDE, beta-BHC, aldrin, heptachlor epoxide, 2,4’-DDD, and 2,4’-DDT. 

0 Commercially prepared standards were diluted in iso-octane at three concentration levels 

(10 ng/mL, 100 ng/mL, 200 ng/mL); Pesticide Standard Solution A contained alpha-BHC, 

heptachlor, gamma-BHC, endosulfan I, dieldrin, endrin, 4,4’-DDT, 4,4’-DDD, and methoxychlor; 

Pesticide Standard Solution B contained beta-BHC, delta-BHC, aldrin, heptachlor epoxide, alpha- 

chlordane, gamma-chlordane, 4,4’-DDE, endosulfan sulfate, endrin aldehyde, endrin ketone, and 

endosulfan II. 

0 A surrogate spiking solution of decachlorobiphenyl and tetrachloro-m-xylene at concentrations 

of 200 pg/mL each diluted in iso-octane to a on-column concentration of 20 ng; a matrix spiking 

solution of 4,4’-DDT at a concentration of 200 pg/mL diluted in iso-octane to a on-column 

concentration of 20 ng. 

Remaining aspects of sediment analysis (e.g., column flushing, percent moisture corrections) were equivalent 

to those used for soil field screening as previously discussed in Section 2.3.2.3. 

Thirty-three samples were collected from the Area A Wetland and Downstream Watercourses. Sample 

locations and analytical results for these sites are summarized in subsequent sections of this RI Report. 
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2.6 AIR INVESTIGATION 

-* 
An air monitoring program was conducted to measure indoor air quality in the Nautilus Museum at the Goss 

Cove Landfill. 

2.6.1 Sampling Procedures 

During the Phase II RI, a total of 12 air samples were collected during two sampling rounds inside and 

outside the Nautilus Museum to provide indoor and background air quality information. Samples were 

collected by drawing ambient air through glass tubes containing Tenax@ adsorption media using air sampling 

pumps at flow rates of approximately 85 to 100 L/min. Samples were collected in accordance with the 

USEPA TO1 method and Atlantic Procedure No. 1256D. All samples were analyzed for volatile organic 

compounds. 

2.6.2 Analytical Procedures 

Air samples, collected at Goss Cove Landfill on Tenax tubes, were analyzed for VOCs via Method TO1 from 

Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air 

(EPA 600/4-84-041). This method involves GC adsorption followed by analysis by GC/MS which identifies 

volatile, nonpolar organic compounds (i.e., aromatic and chlorinated hydrocarbons) having boiling points 

in the range of 80°C to 200°C. 

2.6.3 Supplemental Air Sampling 

In evaluating the potential environmental risks at the Nautilus Museum in the Draft Phase II RI Report, several 

exposure scenarios were evaluated. The exposure scenarios for which the highest risk from air were 

calculated were the full-time museum employee and the construction worker exposure scenarios. Upon 

review of the previous two rounds of air sampling, it was felt that the previous sampling technique may not 

have been the most appropriate for providing information for evaluation of exposure to a worker since the 

samples were taken over a short time period. A third round of air sampling was therefore performed to more 

accurately estimate worker exposure. The air sample collection and analysis in the third round of sampling 

were done in accordance with National Institute for Occupational Safety and Health (NIOSH) methodology, 

since this methodology is most commonly used to evaluate safe working conditions. 

Four air samples were collected plus one field duplicate. Three samples were taken inside the Nautilus 

Museum and the fourth sample was taken outside the Museum near the outside exhibits. The air sample 
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outside the building was taken to provide a measure of the ambient air quality. The samples were collected 

over a 7-8 hour time period, to match a worker-type exposure scenario. Constant volume sampling pumps 

operating at a nominal flow rate of 100 ml/minute were used to collect the samples. For each sample 

location, three sample tubes were used; one tube filled with Anasorb sampling media for the P-butanone 

sample, and two tubes in series filled with coconut charcoal for the remaining chemicals being analyzed. 

Two tubes were used in series (the same air drawn through both tubes) in case of breakthrough of 

chemicals in the first tube. 

2.7 ECOLOGICAL INVESTIGATIONS 

Ecological investigations were conducted at NSB-NLON to assess ecological quality and define the nature 

and extent of impacts to ecological receptors. Surface water and sediment samples were collected from 

the Thames River and Goss Cove in 1993 in support of the Phase II RI. Following a preliminary review of 

these data, it was determined that elevated concentrations of chemicals were present and additional data 

were needed to supplement the existing data. In addition, review of ecological data collected during the 

Phase I RI and Focused Feasibility Study investigations in the Area A Downstream Watercourses/OBDA site 

indicated that elevated concentrations of chemicals were also present at this site. Additional data were also 

necessary to better define the risks to ecological receptors inhabiting this site portion at NSB-NLON. In 

response, Phase II Supplemental Ecological Investigations were conducted in 1995 in the Thames River, 

Goss Cove, as well as on the waterbodies within the Area A Downstream Water Courses/OBDA site. 

Methods used to collect and analyze samples during the Phase II RI and Phase II RI Supplemental 

Ecological Investigations are summarized in this section. The specific details for the supplemental sampling 

methods are found in the Work Plan for Thames River Ecoloqical Samplinq (HNUS, 19959). 

2.7.1 Sampling Procedures 

The sampling methodologies used to collected ecological samples for the Phase II RI and Phase II RI 

Supplemental Ecological Investigations are summarized in this section. 

2.7.1.1 Phase II RI 

Surface water and sediment samples were collected in 1993 from the Thames River and Goss Cove as part 

of the Phase II RI. These samples were collected, in part, to identify potential risks to ecological receptors 

that are exposed to chemicals transported from NSB-NLON to the river and the cove. In several areas along 

the western edge of NSB-NLON, chemicals were detected in groundwater and could be transported via 
A 

groundwater flow into the Thames River and Goss Cove. In addition, chemicals have been detected in 
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various media within the Area A Downstream Watercourses/OBDA. These chemicals may be transported 

to the river via two small streams in either a dissolved form or adsorbed to particulates. Methods used to 

collect surface water and sediment samples from the Thames River and Goss Cove are described below. 

Surface Water Sampling 

Surface water samples were collected with a 4-liter Kemmerer bottle from eight Thames River stations on 

December 17 and 18, 1993. Sampling stations were located by line of site to topographic features along 

the shore. At six of the eight stations, samples were collected from the surface and from approximately 0.5 

meter above the bottom of the river bed. However, water was relatively shallow at two nearshore stations 

and only a surface sample was collected at these locations. Samples were stored in labeled sample 

containers and shipped overnight to an analytical laboratory. Samples collected from the Thames River and 

Goss Cove were analyzed for three sets of parameters: 1) chemical analysis for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, TAL metals, cyanide, and boron; 2) engineering parameters (TOC and total suspended 

solids); and 3) field water quality parameters (salinity, temperature, dissolved oxygen, Secchi disc readings, 

and turbidity). Vertical profiles were recorded at each sampling station for salinity, temperature, dissolved 

oxygen, and turbidity. In addition, samples were collected to determine the concentration of dissolved 

metals. Analytical procedures are discussed in Section 2.7.2. 

Sediment and Macroinvertebrate Community Sampling 

Sediment and macroinvertebrate community samples were collected from 16 stations on the Thames River 

between November 9 and 12, 1993. Sediment samples were also collected from 5 locations in Goss Cove 

during this period. Sampling stations were located by line of site to topographic features along the shore. 

In addition, Loran coordinates were recorded at each station. Samples were collected with a 0.05 square 

meter Kynar-coated modified Van Veen grab and transferred to sample bottles with clean stainless steel 

scoops. Samples were stored in labeled sample containers and shipped overnight to a laboratory for 

analysis. Sediment samples collected from the Thames River and Goss Cove were analyzed for two sets of 

parameters: 1) chemical analysis for TCL SVOCs, TCL pesticides/PCBs, TAL metals, cyanide, and boron; 

and 2) engineering parameters (TOC, grain size, moisture content, specific gravity, organic content, cation 

exchange capacity, and pH). In addition, one sample collected from the Thames River near Goss Cove was 

analyzed for TCL VOCs. Analytical procedures are discussed in Section 2.7.2. 

Samples to characterize the macroinvertebrate community were collected from each Thames River station. 

These samples were collected in triplicate with a Van Veen grab sampler. Samples were rinsed through a 
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500 micron mesh size sieve, preserved with 10 percent formalin, and then sent to a laboratory for taxonomic 

analysis. 

Thames River Caged Mussel Studv 

A caged mussel study was conducted in the Thames River in the vicinity of NSB-NLON to evaluate 

bioaccumulation of contaminants from the river. Caged ribbed mussels (Geukensia demissa) were deployed 

in the Thames River in the vicinity of NSB-NLON from November 5,1993 to December 3, 1993. The ribbed 

mussels were supplied by the University of New Hampshire’s Jackson Estuarine Laboratory. They collected 

the mussels from Great Bay, New Hampshire. This study employed ribbed mussels instead of blue mussels 

(Mytilus e&/is) because they are tolerant of wider ranges of salinity and the mussels were deployed in 

surface waters with lower salinity. Surface water salinity ranged from 6.7 to 9.5 ppt at the time the mussels 

were retrieved. Ribbed mussels are similar to blue mussels in their ability to accumulate contaminants such 

as PCBs (Nelson et al., in press). The deployment methodology used was similar to that developed by the 

USEPA Environmental Research Laboratory (ERL) in Narragansett, Rhode Island and used at the Naval 

Construction Battalion Center in Davisville, Rhode Island (Munns et al., 1991). Approximately 30 mussels 

were deployed per cage, and two cages were deployed per station. One of the deployed replicates was 

vandalized; therefore, duplicate data are not available from that station. Two sets of thirty undeployed ribbed 
- 

mussels were sent for chemical analysis as a control set. 

Deployment was nearshore in the less saline surface layer (but deep enough for these mussels to remain 

submerged at low tide). Station locations were selected to be near potential source areas at NSB-NLON 

where contaminants could reach the river via groundwater flow. An upstream and downstream location was 

also selected. Mussels were deployed for 28 days to measure bioaccumulation of contaminants. Most 

organic contaminants reach an equilibrium concentration in bivalve shellfish within thirty days (Nelson, 1994). 

Although metals can take longer to reach an equilibrium concentration, enough uptake will occur within 28 

days to result in a measurable difference between deployed and control mussels if metals are elevated in 

surface water (Nelson, 1994). 

After 28 days, the mussels were retrieved. None of the mussels appeared dead upon retrieval. The mussels 

were frozen and shucked semi-frozen. The shucked mussels from each cage were pooled to form one 

sample per cage (two samples per station) and sent frozen on dry ice to the analytical laboratory. The 

following analyses were performed on these samples: TCL SVOCs, TCL pesticides/PCBs, and TAL metals. 

Analytical procedures are discussed in Section 2.7.2. 
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Thames River Native Bivalve Shellfish Collection 

Native blue mussels (Mytilus edulis), oysters (Crassostrea virginica), and hardshell clams (Mercenaria 

mercenaria) were collected with an oyster dredge from the Thames River on November 18, 1993. This 

sampling was performed under scientific collection permit 480 S/R from the Connecticut Department of 

Agriculture and Permit No. 231 from the CTDEP. Sample locations were selected to reflect contaminant 

concentrations in native populations and, incidentally, to provide data for the human health risk assessment. 

Sufficient individuals were collected to comprise three mussel samples, four oyster samples, and three clam 

samples. These locations were located either upstream or opposite from NSB-NLON. Sampling locations 

were limited due to the natural distribution of shellfish in the river. Additional blue mussels were collected 

December 18, 1993 from pilings at NSB-NLON. Samples were collected by scraping the surface of the 

pilings with a clam rake. Two of these samples came from the Lower Subase and a third came from the 

Nautilus Museum near the Goss Cove landfill. These locations were selected to reflect concentrations in 

native bivalves in the immediate vicinity of NSB-NLON. 

The native bivalve shellfish collected in November were shucked fresh; samples collected in December were 

frozen and shucked semi-frozen. All tissue samples were sent frozen on dry ice to the analytical laboratory 

and analyzed. These samples were analyzed for TCL SVOCs, TCL pesticides/PCBs, and TAL metals. 

Analytical procedures are discussed in Section 2.7.2. 

Thames River Blue Crab Collection 

Based on a request from the public made at a Technical Review Committee meeting, two separate attempts 

were made to collect blue crabs (Callinecres sapidus) for chemical analysis. Discussions with marine 

biologists at the University of Connecticut Avery Point campus and the U.S. Coast Guard Academy and with 

local fishermen indicated that blue crabs are periodically abundant in the Thames River, typically in the 

months of July and August. However, their presence in numbers in the river is dependent on many factors 

such as weather and water temperature. 

On November 11 and 12, 1993, lobster traps were set in fiie locations in the river to collect blue crabs. 

These were set in locations ‘where crabs have been found previously (off from Long Cove and south of 

Mamacoke Cove; Toldelund, 1975, 1993) and locations near NSB-NLON (off of DRMO and Goss Cove 

landfill). The traps were placed in the river on November 11, checked during the day, and retrieved on 

November 12, 1993. No blues crabs were present in these traps. 
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An additional attempt was made to collect blue crabs between 14:00 and 20:00 hours on July 11, 1994. 

A line of six crab pots baited with chicken necks and menhaden were set in a variety of locations, including 

off Long Cove, south of Mamacoke Cove, and areas downstream and across from NSB-NLON. One blue 

crab was caught during this effort but was not sent to the analytical laboratory because it provided 

insufficient tissue for analysis. 

2.7.1.2 Phase II Supplemental Ecological Investigations 

As discussed previously, preliminary examination of samples collected from the Area A Downstream 

Watercourses/OBDA, Thames River, and Goss Cove in support of the Phase I and Phase II Rls indicated 

that elevated chemicals were present in these areas and additional data were necessary to determine if 

ecological receptors were at risk. These additional data were collected during the Phase II RI Supplemental 

ecological investigations. Data generated as a result of this sampling effort included chemical analyses of 

surface water (Area A Downstream Watercourses/OBDA) and sediments (Area A Downstream 

Watercourses/OBDA, Thames River and Goss Cove), a macroinvertebrate community survey (Area A 

Downstream Watercourses/OBDA), sediment toxicity tests (Area A Downstream Watercourses/OBDA, 

Thames River and Goss Cove), and analyses to determine levels of AVS/SEM present in sediments (Thames 

River and Goss Cove). 

Thames River and Goss Cove 

Sediment samples were collected from 11 locations in the Thames River and Goss Cove to better define the 

impact of the NSB-NLON on the Thames River ecosystem. Four of these locations had been sampled 

previously during the Phase II RI. In addition to these four locations, seven new locations were also sampled 

during the Phase. II Supplemental ecological investigations. Sediment collected from one of the stations 

upstream of NSB-NLON was used as the reference sediment for sediment toxicity tests performed on these 

samples. The sediment at the remaining 10 locations was considered to be potentially contaminated. A 

Global Positioning System (GPS) included on the watercraft was used to locate the ten sampling stations 

in the Thames River. 

a== 

Sediment samples collected from the Thames River and Goss Cove were analyzed for five different sets of 

parameters: 1) chemical analysis for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, cyanide, 

and boron; 2) Ampilesca abdita and Lepfocherius plumulosus sediment toxicity tests; 3) SEM/AVS; 4) 

engineering parameters (TOC and grain size analysis); and 5) field water quality parameters (pH, dissolved 

oxygen, specific conductivity, temperature, turbidity, and salinity). Analytical procedures are summarized 

in Section 2.7.2. 
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All sediment samples were collected using a boat, a modified 0.01m3 teflon-coated Van Veen sampler, 

stainless-steel trowels, and mixing bowls. A multi-parameter water quality meter was used to record the 

temperature, pH, DO, specific conductivity, turbidity, and salinity of water near the sediment-water column 

interface at each location. Once these measurements were completed, a composite sediment sample was 

collected and discrete samples were collected from the composite sample using stainless-steel trowels, 

packaged, and shipped to a laboratory to be analyzed for all parameters with two exceptions. The sediment 

samples to be analyzed for TCL VOCs and AVS/SEM were taken from the first sediment sample collected 

at a station and not from the composite sample. This technique was necessary to limit volatilization of the 

VOCs in the sediment sample and aeration of the sample for AVS/SEM analysis. Methods used to obtain 

samples for these analyses are described below. 

Procedures outlined in Draft Analytical Method for Determination of Acid Volatile Sulfide in Sediment 

(USEPA, 1991a) and Equilibrium Partitioning Approach to Predicting Metal Bioavailabilitv in Sediments and 

the Derivation of Sediment Qualitv Criteria for Metals (USEPA, 19949) provided the basis for AVS/SEM 

sample collection, analysis and evaluation. The sulfide ion is unstable in the presence of oxygen; therefore, 

sediment samples collected for AVS/SEM analysis had to be protected from exposure to oxygen during 

sampling and storage. The sample was obtained directly from the Van Veen sampler to minimize 

disturbance and aeration of the sediment. The sample was placed in a wide-mouth glass jar with no 

headspace and capped with a teflon-lined lid. Teflon tape was then wrapped around the lid to seal it and 

reduce the possibility of air leaks. The samples were immediately cooled to 4%. According to USEPA 

(1991 a), sediment samples maintained at 4°C have not exhibited a significant loss of AVS for storage periods 

of up to 2 weeks. The samples were shipped overnight at 4°C to the laboratory for immediate processing 

to minimize potential exposure to the atmosphere. 

Methods outlined in Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated 

Contaminants with Estuarine and Marine Amphipods (EPA 600/R-94/025) (USEPA, 1994b) served as the 

basis for collection and handling methodology for samples used in the sediment toxicity tests. As discussed 

above, one of the upstream sample locations served as the source of reference sediment used in these 

tests. A Van Veen sampler was used to collect enough volume of sediment from the reference location so 

that one toxicity test could be run in conjunction with toxicity tests conducted on sediment samples 

collected from potentially contaminated locations (i.e., the otherten sampling stations). Additional sediment 

was collected at the reference station so that if a problem occurred during the testing procedure, the 

reference sediment could be reevaluated. One to three Van Veen samples were collected from each of the 

11 sampling locations and cornposited to obtain enough sediment to conduct the toxicity tests. 
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Area A Downstream Watercourses/OBDA 

Seven waterbodies in the Area A Downstream Watercourses/OBDA site and three waterbodies in reference 

areas were sampled as part of the freshwater portion of the Phase II Supplemental ecological investigation. 

Surface water and sediment samples were taken from the following Area A Downstream Watercourses and 

reference waterbodies: Upper Pond, Lower Pond, OBDA Pond, the stream that enters the Upper Pond 

(Stream 4) three separate streams below the ponds and OBDA (i.e., Stream 1, Stream 2, Stream 3), two 

reference ponds (Niantic Pond and Pequot Woods Pond), and a reference stream (Fishtown Brook). Three 

sampling stations were located in each water body except for Fishtown Brook which only had two. This 

resulted in a total of 29 sampling stations. 

The reference stream and reference ponds were selected based on their similarity to the ponds and streams 

in Area A Downstream Watercourses/OBDA. Parameters considered in selecting these reference areas 

included substrate, morphology, vegetation, current velocity, stream size, water temperature, pH, and 

dissolved oxygen (DO) levels. Reference locations were located away from known sources of contamination 

to provide adequate data on background concentrations of contaminants and baseline information on 

benthic communities. The reference locations were determined by the Navy, USEPA, and BRE. 

Niantic Pond was selected to provide reference information for the Lower Pond. The Pequot Woods Pond 

served as the reference site for Upper Pond and OBDA Pond. The upstream portion of Fishtown Brook 

(Fishtown Brook 28) has a predominantly sandy sediment and was selected as the reference location for 

Streams 3 and 4. The downstream portion of Fishtown Brook (Fishtown Brook 29), contains a rich, organic 

sediment and served as the reference site for Streams 1 and 2. 

The samples collected from the ten surface waterbodies (7 waterbodies from the Area A Downstream 

Watercourses/OBDA and 3 reference locations) were analyzed for several sets of parameters: 

1) macroinvertebrate taxonomy (sediment samples only); 2) chemical analysis for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, TAL total and dissolved metals, cyanide, and boron (surface water and sediment 

samples), and hardness (surface water samples only); 3) Chironomus tentans and Hyde/la azfeca sediment 

toxicity tests (sediment samples only); 4) frog embryo/larval sediment toxicity tests (sediment samples only); 

5) engineering parameters (total suspended solids TSS, TOC, and grain size analysis: sediment samples); 

and 6) field water quality measurements (temperature, pH, DO, specific conductivity, and turbidity; surface 

water). 

Both quantitative and qualitative samples were collected from the ten waterbodies (29 sampling locations) 

to characterize the macroinvertebrate community. Four rounds of macroinvertebrate samples were collected 

D-01-95-10 2-29 CT0 129 



Revision 1 
March 1997 

from the waterbodies. Samples were taken during four evenly spaced sampling rounds, beginning the 

second week of March 1995 and continuing through the last week of June 1995. The intent of the multiple 

sample rounds was to provide an adequate representation of macroinvertebrate species present in each 

waterbody. Macroinvertebrate Field and Laboratory Methods for Evaluating the Bioloqical lnteoritv of 

Surface Water (USEPA, 1990) served as the basis for the macroinvertebrate sample collection. In addition, 

surface water samples were collected during each round for TSS analysis at all 29 sampling locations. 

Quantitative sampling was conducted with a petite ponar dredge sampler. The intent of the ponar sampling 

was to collect representative samples of macroinvertebrates present within the consolidated sediment. 

Ponar sampling was conducted at each station on all waterbodies. Ponar samples were taken from three 

sampling stations in each of the ponds and streams located in the Area A Downstream Watercourses/OBDA. 

The reference stream was sampled at two sampling stations. A total of 29 monthly ponar samples (3 

stations x 9 waterbodies + 2 stations x 1 water body = 29) were collected. At each of the ponar sampling 

stations, one sample was created by compositing three separate samples. For the entire sampling period, 

a total of 116 samples had been planned (29 sample locations x 4 months of sampling = 116); however, 

during the June 1995 round of sampling, some locations (one in the Upper Pond and all three from 

Stream 2) had dried out and could not be sampled. Consequently, only 112 samples were collected. 

During each of the four monthly sampling rounds, one dip-net sample was collected for lo-man minutes 

from each of the three onsite ponds and from the two reference ponds. A total of 20 dip-net samples was 

collected (5 pond locations x 4 sampling rounds = 20 total dip-net samples). Dip-net sampling was 

intended to provide samples of macroinvertebrates present in other types of substrates associated with low 

energy environments (i.e., leaf material, sticks, twigs, etc.) not captured with the ponar sampler. One dip-net 

sample station was collected at each pond during each monthly sample round. 

Macroinvertebrate sample processing followed ASTM (1985). After collection, samples were washed through 

a U.S. Standard No. 30 sieve (cobble and larger debris such as rocks and leaves were examined for clinging 

organisms) and the invertebrates placed in a sample container. Samples were preserved with 70% ethanol. 

Sample bottles were labeled and sent to the laboratory, where the organisms were identified to genus. 

To determine the level of contaminants present in each water body, one round of sediment and surface 

water samples were collected for laboratory chemical analysis from each of the 29 sampling stations. A total 

of 29 surface water and 29 sediment samples were collected. Samples were collected in April 1995. All 29 

surface water and sediment samples were analyzed for TCL pesticides. Eleven of the surface water and 

sediment samples (one from each water body except Fishtown Brook which had 2 samples) were analyzed 

for TCL VOCs, TCL SVOCs, TCL PCBs, TAL total and dissolved metals, cyanide, boron, TOC (sediment 
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only), grain size (sediment only), TSS (surface water only) and hardness (surface water only), in addition 

to TCL pesticides. 

Surface water samples were collected by direct bottle fill in accordance with Atlantic Procedure 1022. 

Sample bottles were labeled and shipped to a laboratory for analysis. Field measurements were taken by 

submerging the probe in the surface water, and the sample for TSS analysis was collected by submerging 

the sample container. All field measurements and surface water samples for TSS and chemical analysis 

were collected prior to disturbing the sediments. Samples were collected from downstream to upstream 

to prevent potential cross-contamination. 

A petite ponar dredge was used to collect enough volume of sediment from each location so that chemical 

analyses and macroinvertebrate toxicity tests could be performed. This required that several ponar samples 

of sediment be collected and cornposited. Sediment samples were collected from the same locations used 

to characterize the macroinvertebrate community in each waterbody. These samples were transferred to 

sample containers with stainless-steel trowels and shipped to the appropriate laboratory for analysis. 

To determine if exposure to toxic materials associated with Area A Downstream Watercourses/OBDA 

sediments may have adversely impacted freshwater macroinvertebrates, samples of sediment collected from 

each water body were collected for toxicity tests on Chironomus tenfans and Hyalella tieca. These 

organisms were selected because they are the best overall indicators of toxic sediments owing to their direct 

contact with sediment, knowledge of their sensitivity, and proven effectiveness of assays. A total of 11 

sediment samples were collected, seven potentially contaminated sediments and four reference sediments. 

Samples were taken during the second round of the macroinvertebrate sampling in April 1995, when 

samples for chemical analysis were collected. Mortality and growth served as test endpoints. One 

laboratory control sediment was included for each test organism to judge the overall acceptability of the 

tests, resulting in two laboratory control tests with eight replicates per each control. 

To evaluate any adverse impacts of contaminants associated with Area A Downstream Watercourses/OBDA 

sediments on sensitive amphibian life stages samples of sediment were collected for modified FETAX (Frog 

Embryo Tetratogenesis Assay-Xenopus) testing from each water body. These organisms (Xenopus laevis) 

were selected because they are most likely to be representative of indigenous species present in these 

systems. A total of 11 sediment samples were collected (10 water bodies, two sampling locations on 

reference stream). Samples were taken during the second (April 1995) round of the macroinvertebrate 

sampling when samples for chemical analysis are collected. ASTM Method 1439-91 and Bantle et al., 1991 

were reviewed prior to the collection of samples and served as the basis for methodologies used to perform 

these tests, unless otherwise stated. 
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2.7.2 Analytical Procedures 

The analytical procedures employed for the Phase II RI and Phase II RI Supplemental ecological 

investigations are described in this section. 

2.7.2.1 Phase II RI 

The following fixed-base laboratory analytical methods were employed for surface water and sediment 

samples collected in support of the NSB-NLON Phase II RI ecological investigations performed on the 

Thames River and Goss Cove: 

l Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed 

in accordance with the USEPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration 

(Document Number OLM01.8). 

a Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were 

analyzed by the USEPA CLP SOW for Inorganic Analysis Multi-Media, Multi-Concentration 

(Document Number ILM02.1). Surface water samples were submitted for analysis of total and 

dissolved metals. Samples submitted for dissolved metals were field filtered before shipment to ,& 

the laboratory. 

In addition, sediment samples were analyzed for the following parameters: 

0 Engineering Parameters: grain size distribution tested by ASTM D422; moisture content 

measured by ASTM 02216; specific gravity measured by ASTM D854; organic content measured 

by ASTM 02974; pH measured by SW-846 Method 9045; CED measured by SW-846 

Method 9081; and total organic carbon (TOC) analyzed by the Walkley-Black Procedure from 

Methods of Soil Analysis Part 2 - Chemical and Microbioloqical Properties. 

l Quantitative Benthic Survey (Macroinvertebrate Community Analyses) Organisms were 

sorted in the laboratory and examined using an illuminated stereomicroscope. Following species- 

level identification (when possible), organisms were returned to a labelled vial for storage. 

The taxonomic data generated from these samples were used to calculated the following 

macroinvertebrate metrics: 
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0 Number of Taxa 

0 Total Number of Individuals 

l Shannon-Weaver Diversity Index 

0 Indicator Species 

e Bray-Curtis Index 

0 Expected Number of Taxa 

0 Statistical Analyses of Benthic Community Parameters 

In addition to analyses performed on surface water and sediments, shellfish tissues collected from the 

Thames River were also analyzed. Following homogenization in the laboratory, the following fixed-base 

laboratory analytical methods were employed for the analysis of shellfish tissues collected in support of the 

Phase II RI ecological investigations at NSB-NLON: 

0 Target Compound List UCL) SVOCs, and pesticide and PCB compounds via the USEPA CLP 

SOW for Organic Analysis Multi-Media, Multi-Concentration (Document Number OLM01.8). 

0 Target Analvte List CrAL) inorganics (metals) by the USEPA CLP SOW for Inorganic Analysis 

Multi-Media, Multi-Concentration (Document Number ILM02.1). 

Engineering parameter analyses of sediment samples were performed by the Halliburton NUS Laboratory 

in Pittsburgh, Pennsylvania. Surface water and sediment sample analyses were performed by Southwest 

Laboratory of Oklahoma, in Broken Arrow, Oklahoma, with the exception of the macroinvertebrate taxonomy, 

which was performed by Cove Corporation, in Lusby, Maryland. 

2.7.2.2 Phase II Supplemental Ecological Investigations 

This section summarizes the analytical procedures employed for surface water and sediment samples 

collected in support of the NSB-NLON Phase II RI ecological investigations performed on the Thames River, 

Goss Cove and the Area A Downstream Watercourses/OBDA. 

Thames River and Goss Cove 

The following fixed-base laboratory analytical methods were employed for sediment samples collected from 

the Thames River and Goss Cove in support of the Phase II RI Supplemental ecological investigations at 

NSB-NLON: 
r-. ~5 
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0 Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed 

in accordance with the USEPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration -* 
(Document Number OLMOl.8). 

0 Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were 

analyzed in accordance with the USEPA CLP SOW for Inorganic Analysis Multi-Media, 

Multi-Concentration (Document Number lLM02.1). 

In addition, sediment samples were analyzed for the following parameters: 

0 Engineering Parameters: grain size distribution was tested by ASTM D422 and TOC was 

analyzed by the Walkley-Black Procedure from Methods of Soil Analysis Part 2 - Chemical and 

Microbiological Properties. 

0 Acid Volatile Sulfide/Simultaneously Extracted Metals: Acid Volatile Sulfide (AVS) and 

Simultaneously Extracted Metals (SEM) were analyzed using procedures outlined in USEPA 

(199la), Draft Analytical Method for Determination of Acid Volatile Sulfide in Sediment. SEM 

analysis had originally been planned for the following parameters, zinc, copper, cadmium, lead, 

antimony, mercury, chromium, and nickel. However, SEM analysis for antimony were not 
=d 

performed. Based on information contained in USEPA, 1991a, SEM concentrations of zinc, 

copper, cadmium, lead, mercury, chromium, and nickel were going to be compare to 

concentrations of AVS. However, more recent USEPA guidance (USEPA, 19949) now only 

recommends that SEM concentrations of copper, cadmium, lead, nickel, and zinc be compare 

to AVS. Therefore, although SEM concentrations of mercury and chromium were measured, 

these values were not included in subsequent evaluation of these data. 

The molar concentrations of SEM bivalent metals were compared to molar concentrations of AVS 

using the following equation: 

[AVS] = [AVS] - [SEMI 

where: [SEMI is the sum of the molar concentrations of cadmium, copper, lead, nickel, and 

zinc and [AVS] is the molar concentration of acid volatile sulfide. 

0 Estuarine Sediment Toxicity Tests: Estuarine toxicity testing were performed using hpelisca 

abdita and Leptocheirus plumulosus as test organisms. Methods outlined in EPA 600/R-94/025, 
4 
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Methods for Assessing the Toxicity and Bioaccumulation of Sediment-associated Contaminants 

with Estuarine and Marine Amphipods (USEPA, 1994b), served as the basis for methodology for 

the performance of the lo-day sediment toxicity tests. Mortality served as the test endpoint. 

The results of tests conducted on samples collected adjacent to and downstream of NSB-NLON 

were compared to the appropriate upstream reference location. In addition, one laboratory 

control sediment was included for each test organism to judge the overall acceptability of the 

tests. 

The following describes the A. abdifa test system: 

0 The test method used was EPA/600/R-94/025 Method 100.2. This was designed as a 1 O-day 

Pass/Fail test consisting of a control and one sample treatment. Each treatment replicate 

consisted of 175 mL of sediment and 800 mL of dilution water. There were eight replicates for 

each treatment. Twenty test organisms were placed in each replicate. Sediment from the 

upstream reference location were used in the control treatments. Test organisms were fed 

Tetrafin. The test was conducted at a temperature of 20°C and a light cycle of 16 hr light/8 hr 

dark. Test vessels were 1 L borosilicate beakers placed in a constant temperature incubator 

room (Eli Environmental, 1995). 

The following describes the L. plumulosus test system: 

0 The sediment toxicity tests were conducted according to USEPA protocols set forth in 

EPA/600/R-94/025 Method 10012. This was designed as a lOday Pass/Fail test consisting of 

a control and one sample treatment. Each treatment replicate consisted of 175 mL of sediment 

and 800 mL of dilution water. There were eight replicates for each treatment. Twenty test 

organisms were placed in each replicate. Sediment from the upstream reference location were 

used in the control treatments. Test organisms were fed Tetrafin. The test was conducted at a 

temperature of 25°C and a light cycle of 16 hr light/8 hr dark. Test vessels were 1 L borosilicate 

beakers placed in a constant temperature incubator room (ElT Environmental, 1995). 

Table 2-4 summarizes the test conditions specified in EPA/600/R-94/025 (USEPA, 1994b). 

The survivability of the test organisms in each of the 10 potentially contaminated sediments was statistically 

compared to the survivability of the test organisms in the Thames River control sediments. Statistical 

analysis of the data involved tests for normality and homogeneity of variance to determine if parametric 

analysis was appropriate. Where data was both normal in distribution and homogenous in variance, a “t” 
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test was used to analyze for differences in survival between the test sediments and the reference station 

sediments. A Wilcoxon Rank Sum Test was used for non-normal data. 

Engineering parameter analyses of sediment samples were performed by Geotesting Express in Concord, 

Massachusetts. Sediment sample analyses were performed by Southwest Laboratory of Oklahoma, Broken 

Arrow, Oklahoma, with the exceptions of the estuarine sediment toxicity tests, which were performed by ETT 

Environmental, Inc., Greenville, South Carolina, and the AVS/SEM analysis, which were performed by 

Savannah Laboratories and Environmental Services, Inc., Savannah, Georgia (a subcontractor to ElT 

Environmental, Inc.). 

. 

Area A Downstream Watercourses/OBDA 

The following fixed-base laboratory analytical methods were employed for sediment samples collected from 

the Area A Downstream Watercourses/OBDA in support of the Phase II RI Supplemental ecological 

investigations at NSB-NLON: 

0 Target Compound List UCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed 

in accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration 

(Document Number OLMOI .8). 
4 

0 Tarqet Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were 

analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media, 

Multi-Concentration (Document Number ILM02.1). Surface water samples were submitted for 

analysis of total and dissolved metals. Samples submitted for dissolved metals were field filtered 

before shipment to the laboratory. 

Additional analyses were also completed for surface water and sediment samples as follows: 

l Engineering Parameters (Surface Water): total suspended solids (TSS) were analyzed by 

Method 160.2, and hardness was analyzed by Method 130.1. All of the aforementioned methods 

are from Methods for the Chemical Analysis of Water and Wastes (EPA-600/4-79-020). 

0 Engineering Parameters (Sediment): grain size distribution was tested by ASTM D422; and 

TOC was analyzed by the Walkley-Black Procedure from Methods of Soil Analysis Part 2 - 

Chemical and Microbioloqical Properties. 
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0 Freshwater Sediment Toxicity Tests: Freshwater sediment toxicity testing were performed 

using Hyallela azfeca and Chironomus fenfans as test organisms. Methods outlined in EPA 

600/R-94/024, Methods for Measurinq the Toxicity and Bioaccumulation of Sediment-associated 

Contaminants with Freshwater Invertebrates (USEPA, 1994c), served as the basis for 

methodology for the performance of the lo-day sediment toxicity tests. Mortality and growth 

served as test endpoints. The results of tests conducted on samples collected from onsite 

locations were compared to the appropriate reference location. In addition, one laboratory 

control sediment was included for each test organism to judge the overall acceptability of the 

tests. 

The following describes the Hyalella azteca test system: 

0 The test method used was EPA/600/R-94/024 Method 100.1 (USEPA, 1994c). This was 

designed as a lo-day Pass/Fail test consisting of a control and one sample treatment. 

Each treatment replicate consisted of 100 g of sediment and 175 mL of dilution water. 

There were eight replicates for each treatment. Ten test organisms were placed in each 

replicate. Sediment from Pequot Woods, Niantic Pond and Fishtown Brook were used in 

the control treatments. Test organisms were fed Yeast-Ceraphyl-trout chow. The test was 

conducted at a temperature of 23°C and a light cycle of 16 hr light/8 hr dark. Test vessels 

were 500 mL plastic beakers placed in a constant temperature incubator room (ElT 

Environmental, 1995). 

The following describes the Chironomus tentans test system: 

0 The sediment toxicity tests were conducted according to USEPA protocols set forth in 

EPA/600/R-94/024 Method 100.2 (USEPA, 1994c). This was designed as a IO-day 

Pass/Fail test consisting of a control and one sample treatment. Each treatment replicate 

consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates 

for each treatment. Ten test organisms were placed in each replicate. Sediment from 

Pequot Woods, Niantic Pond and Fishtown Brook were used in the control treatments. 

Test organisms were fed Tetrafin. The test was conducted at a temperature of 23°C and 

a light cycle of 16 hr light/8 hr dark. Test vessels were 500 mL plastic beakers placed in 

a constant temperature incubator room (ElT Environmental, 1995). 

Table 2-5 summarizes the test conditions specified in EPA/600/R-94/024 (USEPA, 1994c). 
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The survivability of the test organisms in each of the 10 potentially contaminated sediments was 

statistically compared to the survivability of the test organisms exposed to sediments collected 

from each of the reference locations. Statistical analysis of the data involved tests for normality 

and homogeneity of variance to determine if parametric analysis was appropriate. Where data 

were was both normal in distribution and homogenous in variance, a ‘P” test was used to analyze 

for differences in survival between the test sediments and the reference station sediments. A 

Wilcoxon Rank Sum Test was used for non-normal data. 

l Frog Embryo Tetratogenesis Assay-Xenopus (FETAL): FETAX testing was performed using 

Xenopus lark. These studies were performed in accordance with the methods cited in ASTM 

Method 1439-91 with the modifications for whole sediment testing and Bantle et al, 1991. These 

methods are summarized below (Stover Group, 1995). 

Samples were stored at 4OC throughout the study. Tests of the Niantic Pond and Lower Pond 

samples were initiated on April 10, 1995 and concluded on April 14, 1995. Dissolved oxygen, pH, 

conductivity, hardness, alkalinity, ammonia-nitrogen, and residual chlorine were measured on two 

selected batches of dilution water used during the study. Testing was performed in 9 ounce specimen 

bottles equipped with a glass tube/Teflon mesh insert as the exposure chamber. For the screening 

tests, 35 g of sediment (wet weight) was placed in the bottom of the specimen jar, the exposure insert 

added, and filled with 140 mL of FETAX Solution (dilution water). This represented a 1:4 dilution of 

sediment to dilution water. Blastulae stage embryos were placed directly on the Teflon mesh insert 

which rested directly over the top of the sediment in the sediment/water interface region. The test 

consisted of 20 embryos exposed to FETAX Solution (standard negative control), 20 embryos exposed 

to either 5.5 mg/L or 2,500 mg/L 6-aminonicotinamide [6-AN) (standard positive control), 20 embryos 

exposed to blasting sand (artificial sediment), and 20 embryos exposed to each sediment sample and 

respective reference site sediment sample. Fresh solutions and sediments were provided every 

24-hours of the 4-day test. Dissolved oxygen and pH were measured prior to renewal and in the waste 

solutions from each successive day. Due to a dissolved oxygen and pH probe malfunction, readings 

for the waste solution at 24-hour in the tests with the Niantic Pond and Lower Pond samples were 

collected on April 12, 1995 and may not be representative. Dissolved oxygen, pH, conductivity, 

hardness, alkalinity, ammonia-nitrogen, and residual chlorine were measured on two selected batches 

of FETAX Solution used during the study. A summary of the testing conditions are provided in 

Table 2-6. 

At the conclusion of the test, embryos were preserved in 3% (w/v) formalin (pH 7.0) and 

morphological characteristics evaluated using a dissecting microscope. Since only screening tests 
: 

-+ 
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were performed, determination of LC,, and EC,, (malformation) were not possible and responses were 

reported as a percent effect. Coefficient of variation (CV) values were calculated for each test 

performed. Growth of the surviving larvae was determined using a digitizing software package (Jandell 

Scientific, Cone Madera, CA) linked to an IBM-compatible computer. Statistical evaluation of 

differences in response between the reference and treatment sites were performed using Dunnett’s test 

(parametric) or Steele’s Many- One Rank test (non-parametric) for the mortality and malformation 

responses (P=O.O5 for both), and a grouped t-test for the growth data (P=O.O5). 

0 Macroinvertebrate Taxonomy (Macroinvertebrate Community Analyses) Organisms were 

sorted in the laboratory and placed in a 3”- diameter glass petri dish containing 70% isopropanol 

and examined using an illuminated Meiji Techno stereomicroscope at 15 - 67.5 X magnification. 

Following genus-level identification (when possible), organisms were returned to a labelled vial 

containing 70°h denatured ethanol for storage (except for voucher specimens). One to three of 

each genus collected in the survey were placed in the ElT Environmental reference collection 

as voucher specimens. Some midges and oligochaetes were mounted on glass slides with 

CMC-10 media and examined with an American Optical 150 Series compound microscope (400X 

magnification) for identification. 

Macroinvertebrate community data from the Area A Downstream Watercourses/OBDA aquatic 

system were compared with data from reference locations. As detailed in Sediment 

Classification Compendium (EPA 823-R-92-006)(USEPA, 1992a), the following nine functional and 

eight structural metrics for lotic systems (streams) were considered: 

Taxa Richness 

Modified Hilsenhoff Biotic Index 

Ratio of scrapers and filtering collectors 

Ratio of Ephemeroptera-Plecoptera-Trichoptera (EPT) and Chironomidae abundances 

Percent contribution of dominant taxa 

Shannon-Weaver Diversity Index 

EPT index 

Community similarity index 

Ratio of shredders to total number of organisms 

Engineering parameter analyses of sediment samples were performed by Geotesting Express in Concord, 

Massachusetts. Surface water and sediment sample analyses were performed by Southwest Laboratory of 

Oklahoma in Broken Arrow, Oklahoma, with the exceptions of the freshwater macroinvertebrate sediment 
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toxicity tests and macroinvertebrate taxonomy, which were both performed by ElT Environmental, Inc. in 

Greenville, SC and the FETAX tests, which were performed by The Stover Group, in Stillwater, Oklahoma. 
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TABLE 2-l 

SUMMARY OF PHASE II/POST PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Screened Litholog 
Ground 

Y 

Reference Depth Total Screened Well Well 
Well ID 

(Stratigraphic Unit) ‘) 
Elevation Elevation to Bedrock 

(feet msl)(2) (feet msl) (feet bgs)(3) (fzis) (fltt”:::) ~~~~ Conf$?on 

CBU DRUM STORAGE AREA (PHASE II RI) 

1 MW2S 1 Overburden (Fill) 86.02 I 88.49 I -- (4) 1 14.0 4.0-l 4.0 2 I PVC I 
AREA A LANDFILL (PHASE II RI) 

. 2LMW19S Overburden (Fill)/ 93.50 95.44 17.5 25.0 15-O-25.0 2 PVC 
Bedrock 

2LMW19D Bedrock 93.90 95.74 17.5 120.0 28.0-l 20.0 6 Steel/Open 

2LMW20S Overburden (Fill) 87.35 87.21 -- 26.0 9.0-l 9.0 2 PVC 

2LMW20D Bedrock 87.55 87.40 69.0 80.0 74.0-80.0 8-314 Steel/Open 

2LOWl s Overburden (Fill/Dredge) 86.26 88.40 -- 15.0 4.0-l 4.0 2 PVC 



TABLE 2-1 (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Ground Reference Total Screened Well Well 

Screened Liiholog 
(Stratigraphic Unit) ‘) Y 

Depth 
Elevation Elevation to Bedrock Depth Interval Diameter Construction 

(feet msl) (*I (feet msl) (feet bgs)(3) (feet bgs) (feet bgs) (inches) Type 

AREA A WEAPONS CENTER (PHASE II RI) 

2WCMWl S Overburden (Fill/Dredge) 84.47 83.92 -- 18.0 8.0-18.0 2 PVC 

2WCMW2S Overburden (Fill) 86.35 86.16 -_ 18.0 4.0-14.0 2 PVC 

2WCMW3S Overburden (Fill/Dredge) 83.78 85.95 _- 21.0 5.75-15.75 2 PVC 

AREA A DOWNSTREAM WATERCOURSES/OBDA (PHASE II RI) 

BUNKER A-86 RUBBLE FILL (PHASE II RI) 

4MWlS Bedrock 127.91 129.51 2.5 18.5 8.5-18.5 2 PVC 

4MW2S Overburden (Till)/ 96.65 98.79 6.5 15.25 4.5-14.5 2 PVC 
Bedrock 

4MW3S Overburden (Till)/ 100.55 103.49 4.5 13.5 3.5-13.5 2 PVC 
Bedrock 

c, 81, t II 



TABLE 2-1 (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Litholog 

Ground Reference 

Y 

Depth Total Screened Well Well 

(Stratigraphic Unit) ‘) 
Elevation Elevation to Bedrock 

(feet msl) (*I (feet msl) (feet bgs)f3) (fz?is) 
Interval Diameter Construction 

(feet bgs) (inches) Type 
4MW4S Overburden (Till)/ 107.80 110.33 4.6 14.5 4.5-14.5 2 PVC 

Bedrock 

4MW4D Bedrock 107.29 109.74 8.5 40.0 30.0-40.0 2 PVC 

DRMO (PHASE II RI) 

TORPEDO SHOPS (PHASE II RI) 

7MW2D 1 Bedrock I 43.20 1 43.02 1 6.5 45.0 1 35.0-45.0 1 2 I PVC I 

7MW8S 

7MW9S 

7MWiOS 

Overburden (Alluvium) 42.28 42.10 -- 14.0 3.0-13.0 2 PVC 

Overburden (Alluvium) 38.20 37.91 -- 15.0 4.0-l 4.0 2 PVC 

Overburden (Alluvium) 40.71 43.42 -- 14.0 4.0-14.0 2 PVC 

7MW11 S 1 Overburden (Alluvium) I 46.70 I 46.49 I 
_- 15.0 1 4.0-14.0 2 1 PVC 

I 



TABLE 2-l (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Liiholog 

Ground 

Y 

Reference Depth Total Screened Well Well 

(Stratigraphic Unit) ‘) 
Elevation Elevation to Bedrock 

(feet bgs)(3) (fz?is) 
Interval Diameter Construction 

(feet msl)(*) (feet msl) (feet bgs) (inches) Type 
GOSS COVE (PHASE II RI) 

8MW2D Overburden (Alluvium) 

8MW5S Overburden (Fill) 

8MW6S Overburden (Fill) 

8MW6D Overburden (Alluvium) 

8MW7S Overburden (Fill) 

8MW8S Overburden (Alluvium)/ 
Bedrock 

10.17 

11.51 

10.10 

9.90 

6.34 

20.01 

9.77 

10.94 

9.66 

9.62 

5.95 

19.68 

-- 

-- 

-- 

-- 

-- 

12.0 

82.0 

21.0 

14.5 

71 .o 

20.0 

17.0 

54.0-64.0 

6.0-16.0 

4.0-14.0 

60.0-70.0 

4.0-14.0 

7.0-17.0 

PVC 

PVC 

PVC 

PVC 

PVC 

PVC 

8MW8D Bedrock 19.83 19.53 12.0 78.0 48.0-78.0 2 PVC 

LOWER BASE (PHASE II RI) 

13MWl8 Overburden (Fill) 12.65 12.12 __ 15.5 5.0-15.0 2 PVC 

13MW19 Overburden (Fill) 8.34 8.05 -_ 18.0 5.0-15.0 2 PVC 

13MW20 Overburden (Fill) 10.71 10.45 -- 16.0 3.0-l 3.0 2 PVC 

13MW21 Overburden (Fill) 9.03 8.70 -- 30.0 5.0-15.0 2 PVC 

OVERBANK DISPOSAL AREA, NORTHEAST (PHASE II RI) 

14MWlS 1 Overburden (Alluvium) I 49.22 I 51.44 -- I 14.0 4.0-14.0 2 1 PVC I 
SPENT ACID STORAGE AND DISPOSAL AREA (PHASE II RI) 

15MWlS Overburden (Alluvium) 28.35 28.08 -- 15.0 5.0-15.0 2 PVC 

15MWlD Overburden (Alluvium) 28.25 28.05 -- 46.0 36.0-46.0 2 PVC 

c, /I c Ill 



TABLE 2-l (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

AREA A LANDFILL (POST-PHASE II RI) 

2LPZl F Overburden (Fill) 78.80 79.30 -- 8 5-8 2 PVC 

2LPZ2F Overburden (Alluvium) 90.00 91.10 -- 6 3-6 2 PVC 

2LMW28F Overburden (Alluvium) 85.30 87.43 -- 12 4.6-9.6 2 PVC 

2LMW28DS Overburden (Dredge) 85.20 87.41 -- 21 14.8-19.8 2 PVC 

2LMW29F Overburden (Fill) 88.70 90.30 -- 15.5 3.5-8.5 2 PVC 

2LMW29DS Overburden (Alluvium) 88.80 90.96 -- I , , , , I 16 , 11-16 , 2 , PVC 

2LMW30F Overburden (Fill) 81.20 80.79 -- 12.3 7.3-12.3 2 PVC 

2LMW30DS Overburden (Dredge) 80.70 80.32 -- 23 17.9-22.9 2 PVC 

2LMW31 F Overburden (Fill) 8590 86.64 -- 6 3-6 2 PVC 

2LMW31 DS Overburden (Dredge) 86.00 88.16 -- 14 9-12 2 PVC 

I 2LMW32PZ I Overburden (Alluvium) 1 80.60 I 82.11 1 -- l 16 1 9.6-14.6 1 2 I PVC 
I 

2LMW32F Overburden (Fill) 80.80 82.95 -- 24 17-22 2 PVC 

2LMW32DS Overburden (Dredae) 80.80 82.69 -- 24 19-24 2 PVC 

I 2LMW32B I Bedrock 1 80.60 1 82.74 1 63.5 1 86.5 1 76.2-86.2 1 2 1 PVC 
I I I 

2LMW33F I Overburden (Fill) I 81 .OO I 82.86 -- I 9.9 I 4.9-9.9 I 2 I PVC 

2LMW33DS Overburden (Dredge) 79.40 82.87 __ 18 13-18 2 PVC 

2LMW34DS Overburden (Dredge) 77.50 77.05 -- 22 17-22 2 PVC 

2LMW35B Bedrock 198.20 199.14 7 103 11-103 6 Steel/Open 

2LMW36B Bedrock 212.30 213.04 1.8 103 2-103 6 ‘ Steel/Open 



TABLE 2-1 (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 

PLPZl DS 

2LPZ2DS 

2LPZ3DS 

2LPZ4DS 

2LPZ5DS 

2LPZGDS 

2LPZ7DS 

Screened Litholog 
(Stratigraphic Unit) ‘) Y 

Overburden 

Overburden 

Overburden 

Overburden 

Overburden 

Overburden 

Overburden 

Ground Reference Depth Total Screened Well Well 
Elevation Elevation to Bedrock 

(feet msl)(*) (feet msl) (feet bg.s)t3) (fck?$s) (fli?zk) Diameter Con~~~?on (inches) 

70.78 74.23 _- 7.56 4.56-7.56 2 Steel 

73.14 76.74 _- 7.57 4.57-7.57 2 Steel 

71.61 73.98 _- 7.45 4.45-7.45 2 Steel 

71.64 74.29 -- 7.66 4.66-7.66 2 Steel 

71.64 75.08 __ 6.77 3.77-6.77 2 Steel 

71.63 74.83 __ 6.94 3.94-6.94 2 Steel 

73.43 78.78 _- 8.10 5.10-8.10 2 Steel 
1 

TANK FARM (POST-PHASE II RII 

HNUS-10 

HNUS-11 

Overburden (Fill) NA 20.86 -- 15 5-15 2 PVC 
Overburden (Fill) NA NA -- 15 5-15 2 PVC 
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TABLE 2-l (Continued) 
SUMMARY OF PHASE II RI MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

HNUS-21 Overburden (Fill) NA 20.12 -- 15 5-15 2 PVC 

HNUS-22 Overburden (Fill) NA NA -- 20 1 O-20 2 PVC 

HNUS-23 Overburden (Fill) NA 18.03 -- 17 7-17 2 PVC 

HNUS-24 Overburden (Fill) NA NA -- 5 5-12 2 PVC 

1 Alluvium = Quarternary river/stream deposits 
Dredge = Dredge spoil (clayey silt) 
Fill = Silty sand or sand and/or gravel (artificial) 
Terrace = Quarternary terrace deposits (sand and/or gravel) 
Till = Quarternary nonstratified drii deposits (varying amounts of sand, silt, gravel, and/or clay) 

2 msl - above mean sea level 
3 bgs - below ground surface. 
4 -- Indicates that bedrock was not encountered in the boring for this monitoring well. 
5 NA - Information not available. 



TABLE 2-2 

SUMMARY 0.F EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Lithology(‘) 

(Stratigraphic Unit) 

CBU DRUM STORAGE AREA 

No monitoring wells were installed at this site during pre-Phase II RI investigations. 

3MW12S 

3MW12D 

Overburden (Alluvium) 41 .oo 43.51 -- 13.0 2.34-l 2.34 2 PVC 

Bedrock 41.10 42.20 15.0 26.1 20.0-26.1 6 Steel/Open 

AREA A LANDFILL 

2LMW7S 1 Overburden 82.80 84.37 30.2 50.0 1 11.65-21.65 1 2 1 PVC I 

2LMW7D 

2LMW8S 

(Fill/Dredge) 
Bedrock 

Overburden 

83.10 

86.40 

85.16 

87.45 

28.5 

-- 

43.59 

20.5 

33.5-43.,59 

5.5-l 5.5 

6 

2 

Steel/Open 

PVC 
(Fill/Alluvium) 

2LMW8D Bedrock 87.1 89.33 41.5 124.4 46.5-l 24.4 6 Steel/Open 

2LMW9S Overburden 85.3 86.96 -- 42.5 8.24-l 8.24 2 PVC 
(Fill/Dredge) 3 

n,a 

2LMW9D Bedrock 85.4 87.11 42.0 59.74 47.0-59.74 6 Steel/Open 52 = 
PLMWl3S Overburden (Fill) 86.9 88.53 16.0 36.0 6.46-l 6.46 2 PVC 

g: 

2LMW13D Bedrock 86.8 88.20 19.5 60.03 24.5-60.03 6 Steel/Open $ 
4-r 

I 
\ 

I/ / Cl i 
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TABLE 2-2 (Continued) 
SUMMARY OF EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Lithology(‘) 

Ground Reference Depth Total Screened Well Well 

(Stratigraphic Unit) 
Elevation Elevation to Bedrock Interval Diameter 

(feet msl)(*) (feet bgs)(3) (fe;?is) (feet bgs) 
Construction 

(feet msl) (inches) Type 

2LMW14D Bedrock 91.9 93.90 13.5 

2LMW17S Overburden 82.48 82.12 -- 
(Fill/Dredge) 

2LMWl7D Bedrock 82.62 82.37 18.0 

2LMW18S Overburden (Fill) 77.94 77.60 -- 

2LMW18D Bedrock 77.67 77.34 36.0 

AREA A WEAPONS CENTER 

No monitoring wells were installed at this site during pre-Phase II RI investigations. 

AREA A WETLANDS 

27.0 

18.5 

39.0 

33.5 

49.03 

18.5-27.0 

7.75-17.75 

22.1-39.0 

5.74-15.74 

41.0-49.03 

Steel/Open 

PVC 

Steel/Open 

PVC 

Steel/Open 

I 

2WMWl D Bedrock 

2WMW2D Bedrock 

2WMW3S Overburden 
(Fill/Dredge) 

2WMW3D Bedrock 

2WMW4D Bedrock 

2WMW5S Overburden (Dredge) 

2WMW6S Overburden 
(Fill/Dredge/Alluvium) 

2WMW6D Bedrock 

BUNKER A-88 RUBBLE FILL 

128.05 127.58 3 95.55 8-95.55 6 SteelOpen 

110.45 110.22 4.00 49.93 9.0-49.93 6 Steel/Open 

82.80 84.37 -- 41.5 7.79-22.79 2 PVC 

81.68 81.36 73.0 127.1 78.0-127.1 6 Steel/Open 

93.07 92.69 9.0 119.4 13.0-l 19.4 6 Steel/Open 

73.50 76.48 -- 13.2 2.54-12.54 2 PVC 

83.40 84.67 -- 9.5 4.28-9.28 2 PVC 

83.20 84.87 10.5 46.0 15.5-46.0 6 Steel/Open 

No monitoring wells were installed at this site during pre-Phase II RI investigations. 

DRMO 

6MW1 s 

6MW2S 

Overburden (Fill) 

Overburden 
(Fill/Dredge) 

7.00 

5.40 

8.63 

7.30 

-- 

-- 

14.2 

20.0 

4.0-14.0 

3.2-13.2 

2 

2 

PVC 

PVC 



TABLE 2-2 (Continued) 
SUMMARY OF EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Screened Lithology(‘) 
(Stratigraphic Unit) 

Screened 
Interval 

(feet bgs) 

3.8-l 3.8 

Well Well 
Diameter Construction 
(inches) Type 

Well ID 

6MW3S 

. 

2 PVC I PVC 

Overburden 
(Fill/Dredge) 

Overburden (Fill) 

Overburden (Alluvium) 

Bedrock 

6MW4S 5.18 1 4.90 -- I 20.0 2.8-l 2.8 2 

7.2-l 7.2 2 PVC I 6MW5S 

6MW5D 30.0-34.8 6 1 $/Open 

6MW8S Overburden (Fill) 1.0-6.0 2 

TORPEDO SHOPS 

7MWl D Bedrock 54.67 54.08 6.5 25.2 14.2-25.2 6 

7MW2S Overburden (Alluvium) 48.6 50.41 -- 11.5 4.0-l 1 .o 2 

Steel/Open I 

PVC 

PVC 7MW3S Overburden 45.98 45.71 -- 20.0 6.9-16.9 2 
(Fill/Alluvium) 

GOSS COVE 
8MWl Overburden (Fill) 10.48 10.15 -- 20.0 6.4-16.4 2 PVC 

8MW2S Overburden (Fill) 9.91 9.43 -- 20.0 5.9-15.9 2 PVC 

8MW3 Overburden (Fill) 9.25 8.96 -- 20.0 5.8-l 5.8 2 PVC 

8MW4 Overburden (Fill) 9.62 9.34 -- 20.0 5.4-l 4.4 2 PVC 

LOWER SUBASE 

13MWl Overburden (Alluvium) 13.73 13.36 -_ 20.0 

13MW2 Overburden (Alluvium) 13.23 12.8 -- 20.0 

7.49-17.49 I 2 1 PVC 
I I 

7.67-l 7.67 2 1 PVC 

13MW3 I Overburden (Alluvium) I 13.15 I 12.89 1 -- I 20.0 7.36-17.36 1 2 I PVC I 

4.95-14.95 I 2 1 PVC 13MW4 Overburden (Fill) 10.29 10.14 _- 20.0 

13MW5 Overburden (Fill) 11.72 11.13 -- 20.0 

13MW6 Overburden (Fill) 21.84 21.47 -- 30.0 

7.92-17.12 I 2 1 PVC 

17.82-27.82 

4.34-l 4.34 

2 PVC 

2 PVC 13MW7 I Overburden (Fill) I 8.19 1 7.85 I __ I 20.0 

13MW8 I Overburden (Fill) 1 7.80 1 7.34 I -_ I 27.0 1 3.71-13.71 I 2 1 PVC I 
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TABLE 2-2 (Continued) 
SUMMARY OF EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Lithology(‘) 

(Stratigraphic Unit) 

Ground Reference Depth Total Screened Well Well 
Elevation Elevation to Bedrock Construction 

(feet msl)(*) 
Depth Interval Diameter 

(feet msl) (feet bgs)f3) (feet bgs) (feet bgs) (inches) Type 

13MW9 

13MWlO 

13MWll 

13MWl2 

13MWl3 

13MWl4 

13MWl5 

13MW16 

Overburden (Fill) 

Overburden (Alluvium) 

Overburden (Alluvium) 

Overburden (Fill) 

Overburden 
(Fill/Dredge) 

Overburden (Fill) 

Overburden (Fill) 

Overburden 

7.57 

8.73 

8.23 

9.55 

8.94 

8.48 

7.70 

7.64 

6.91 

8.44 

7.83 

9.21 

8.50 

7.98 

7.25 

7.30 

-- 

-- 

__ 

-- 

-- 

_- 

__ 

__ 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

4.78-14.78 2 PVC 

5.0-15.0 2 PVC 

4.0-14.0 2 PVC 

5.3-15.3 2 PVC 

4.6-14.6 2 PVC 

4.8-14.8 2 PVC 

2.6-12.6 2 PVC 

3.5-13.5 2 PVC 



TABLE 2-2 (Continued) 
SUMMARY OF EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Lithology(‘) 

(Stratigraphic Unit) 

Ground 
Elevation 

(feet msl)(*) 

Reference 
Elevation 
(feet msl) 

Depth Total Screened Well Well 
to Bedrock Interval Diameter Construction Depth 
(feet bgs)(3) (feet bgs) (feet bgs) (inches) Type 

WE4 Overburden 8.71 8.61 NA 13.4 3.4-13.4 2 PVC 
(Fill/Alluvium) 

WE5 Overburden (Alluvium) 8.37 8.25 NA 14.0 4.0-l 4.0 2 PVC 

OVERBANK DISPOSAL AREA, NORTHEAST 

No monitoring wells were installed at this site during pre-Phase II RI investigations. 

SPENT ACID STORAGE AND DISPOSAL AREA 

I No monitoring wells were installed at this site during pre-Phase II RI investigations. I 
TANK FARM 



TABLE 2-2 (Continued) 
SUMMARY OF EXISTING MONITORING WELL INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Well ID 
Screened Lithology(‘) 

Ground Reference Depth Total Screened Well Well 

(Stratigraphic Unit) 
Elevation Elevation to Bedrock 

(feet msi)(*) 
Depth Interval Diameter Construction 

(feet msl) (feet bgs)(3) (feet bgs) (feet bgs) (inches) Type 

OT-MW02 Overburden 22.86 25.71 __ 22 17-22 2 PVC 
(Fill/Alluvium) 

OT-MWO3 Overburden 22.25 25.35 -- 22 17-22 2 PVC 
(Fill/Alluvium) 

OT-MW04 Overburden 22.74 25.97 -- 22 17-22 2 PVC 
(Fill/Alluvium) 

OFF-SITE RESIDENTIAL 

1 Alluvium = Quarternary river/stream deposits 
Dredge = Dredge spoil (clayey silt) 
Fill = Silty sand or sand and/or gravel (artificial) 
Terrace = Quarternary terrace deposits (sand and/or gravel) 
Till = Quarternary nonstratified drift deposits (varying amounts of sand, silt, gravel, and/or clay) 

2 msl - above mean sea level 
3 bgs - below ground surface 
4 -- Indicates that bedrock was not encountered in the boring for this monitoring well. 
5 NA - Information not available. 
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TABLE 2-3 

SUMMARY OF MONITORING WELLS AND STAFF GAUGES 
MONTHLY WATER LEVEL MEASUREMENTS 

NsB-NLON, GROTON, CONNECTICUT 

Well identification Location 

15MW3S, OBG-7, ERM-4,8MW8S/D, 8MW8S/D South end of base 

13MW1, 13MW19, 13MW8 Lower Subase 

6MW5S/D, 6MW3S/D DRMO 

Near hospital gate and along Route 
12 

2LMW7S/7D, 3MWl2S/12D, 7MW3S/3D, 2DMWl6S/16D, r Area A Downstream, Torpedo Shops, 
2DMW24S/24D, 2DMW25S/25D, 2DMW27S/27D, 19MW4, and North Lake 
2WMW22D, 2DMW23D, SG-4, SG-5, SG-6 
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TABLE 2-4 

PHASE II RI - SUPPLEMENTAL ECOLOGICAL SAMPLING 
IN THE THAMES RIVER 

TEST CONDITIONS FOR ESTUARINE SEDIMENT TOXICITY TESTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Test Parameter/Condition 

Test Type 

I Test Chamber Size 

Test Solution Volume 

E”e Test Organisms 

Water Quality Parameters 

I Test Endpoints 

Test Organism 

Ampelisca abdita Leptocheirus plumulosus 

8 _ 8 

3-5 mm 2-4 mm 

Throughout test I Throughout test I 

None I None 

Reconstituted 

None 

Reconstituted 

None 

Control and 100% Sediment I Control and 100% Sediment I 

temperature, pH salinity, DO 
and ammonia 

10 day survival 10 day survival 

1 USEPA,1994b 
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TABLE 2-5 

PHASE II RI - SUPPLEMENTAL ECOLOGICAL SAMPLING 
IN AREA A DOWNSTREAM WATERCOURSES 
SEDIMENT TOXICITY TEST CONDITIONS”’ 

NSB-NLON, GROTON, CONNECTICUT 

Test Organism 

Test Parameter/Condition Hyalella azteca Chrionomus tentans 

Test type Whole sediment toxicity test with renewal of Whole sediment toxicity test with renewal of 
overlying water overlying water 

Temperature 23 f 1°C 23 * 1’C 

Light Quality Wide-spectrum fluorescent lights Wide-spectrum fluorescent lights 

llluminance About 500 to 1000 lux About 500 to 1000 lux 

Photoperiod 16 hours light, 8 hours dark 16 hours light, 8 hours dark 

Test chamber 300-ml high form lipless beaker 300 mL high form lipless beaker 

Sediment volume 100 mL 100 mL 
1 

Overlying water volume 175 mL 175 mL 
I I I 

Renewal of overlying 
water 

Age of Organisms 

2 volume additions/d; continuous or 
intermittent (e.g., one volume addition every 
12 h) 

7-to 14d old at the start of the test 

2 volume additions/d; continuous or 
intermittent (e.g., one volume addition every 
12 h) 

Third instar larvae (all organisms must be 
third instar or younger with at least 60% of 
the organisms at third instar) 

Number of 
organisms/chamber 

10 10 

Number of replicate Eight replicates for routine testing 

YCT food, fed 1.5 mL daily to each test 

Eight replicates for routine testing 

Tetrafin goldfish food, fed daily to each test 

None unless dis 

Test chamber cleaning lf screens become clogged during a test, If screens become clogged during a test, 
gently brush the outside of the screen gently brush the outside of the screen 

Overlying water quality 

Test duration 

Hardness, alkalinity, conductivity, pH, and Hardness, alkalinity, conductivity, pH, and 
ammonia at the beginning and end of a test; ammonia at the beginning and end of a test; 
temperature and dissolved oxygen daily temperature-and dissolved oxygen daily 

10 d 10 d 
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TABLE 2-5 (Continued) 
PHASE II RI - SUPPLEMENTAL ECOLOGICAL SAMPLING 
IN AREA A DOWNSTREAM WATERCOURSES 
SEDIMENT TOXICITY TEST CONDITIONS”) 
NSB-NLON, GROTON, CONNECTICUT 

Test Organism 

Test Parameter/Condition Hyalella azteca Chrionomus tentans 

Endpoints Survival (growth optional) Survival and growth (dry weight) 

Test acceptability Minimum mean control survival of 80% and Minimum mean control survival of 70% and 
performance-based criteria specifications performance- based criteria outlined in other 
outlined in other table table 

1 USEPA 1994c 
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TABLE 2-6 

PHASE II RI - SUPPLEMENTAL ECOLOGICAL SAMPLING 
IN AREA A DOWNSTREAM WATERCOURSES 

FROG EMBRYO/LARVAL TOXICITY TEST CONDITIONS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Test Parameter 

Test type 

Temperature 

Light Quality 

Light intensity 

Photoperiod 

Test chamber size 

Test solution volume 

Renewal of test solutions 

Age of test organisms 

Number of larvae per chamber 

Number of replicate test chambers per 
concentration 

Number of larvae per concentration 

Test vessel randomization 

Feeding Regime 

Cleaning 

Aeration 

Dilution water 

Number of concentrations 

Test duration 

Test acceptability 

1 ASTM Method 1439-91 and Bantle et al., 1991 

Frog Embryo Teratogenesis Assay (FETAXI Test 
Conditions 

Static Renewal 

230 + 1T 

Ambient laboratory Illumination 

lo-20 uE/m2/s (50-100 ft-c) (ambient laboratory 
levels) 

12 hours light, 12 hours dark 

9 ounces 

35 g of sediment, 140 mL Fetax Solution 

Daily 

Small cell blastulae (Stage 8-10) 

Negative Control = 4 
Positive Control = 2 
Treatments = 8 

Negative Control = 100 
Positive Control = 50 
Treatments = 160 

Randomization chart #3 was utilized for this test 

None 

Siphoned daily, immediately before solution renewal 

None 

FETAX Solution was prepared using E-PURER 
deionized water and reagent grade chemicals 

Controls DIUS treatments 

Survival, malformation, growth (length) 

Mortality and malformation rates in control 5 10% 
and 5 lo%, respectively 
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3.0 GENERAL DATA EVALUATION PROCEDURES 

This section provides a summary of general analytical data evaluation and risk assessment procedures that 

are common to each of the thirteen sites studied during the Phase II RI for NSB-NLON. Section 3.1 provides 

a general discussion of various data quality issues (i.e., data qualfty objectives, data validation). Section 3.2 

discusses general aspects of contaminant fate and transport analysis. Human health and ecological risk 

assessment procedures are discussed in Sections 3.3 and 3.4, respectively. 

Database 

A database was created for use in preparing this Phase II RI report. Selected analytical data form previous 

investigations were evaluated and included in this database used for nature and extent discussions as well 

as human health and ecological risk assessment. The previous investigations selected for inclusion in the 

database are provided in Table l-l. 

- 
The screening process for determining whether data were acceptable for inclusion in the database included: 

0 Data age: appropriateness for present day nature and extent of contamination and risk 

assessment, 

b Data quality: data defensibility, 

l Data location: outside versus inside Phase II RI Site boundary, and 

b Frequency of analyses: number of samples per location. 

It should also be noted that analytical data pertaining to selected previous investigations at the Lower 

Subase were not included in the core database. The rationale for this decision was based on the fact that 

an expanded RI is planned for the Pier 33 and Berth 16 in the near future. It is intended to cover a broader 

area of the Lower Subase and will encompass the Pier 33 and Berth 16 area. At that time, an evaluation 

of available data will be made using the screening criteria above, and the data will be selected and added 

into the existing database. 
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Various quality control measures were implemented during field sampling and laboratory analysis to ensure 

that the resultant data were suitable for their intended use. A brief summary of these measures is provided 

in this section. 

3.1.1 Data Quality Obiectives 

A detailed discussion of the Data Quality Objectives (DQOs) for the NSB-NLON Phase II RI is provided in 

the Atlantic QA/QC Plan (Atlantic Environmental Services, Inc., May 1993) and the associated Halliburton 

NUS addendum (HNUS, October 1993a). DQOs for all field and laboratory analyses, which includes 

requirements for precision, accuracy, and completeness, are summarized in this section. 

3.1.1.1 Precision 

Precision characterizes the amount of variability and bias inherent in a data set. This parameter also 

describes the reproducibility of measurements of the same parameters for samples under similar conditions. 

Precision is expressed as a Relative Percent Difference (RPD), which is defined as the relation of the range 

relative to the mean. RPDs, which are typically expressed as percents, are used to evaluate both field and 

laboratory duplicate precision and are calculated as follows: 

RPD = 
VI -vi x,oo 

2(V7 + v2) 

where: RPD = relative percent difference 

Vl,V2 = two results obtained by analyzing duplicate samples 

The precision objectives for CLP parameters are specified in the associated analytical protocols and were 

presented in Table 7.1 of the Atlantic QA/QC Plan. For non-CLP data, the precision objectives of f 50 

percent for solid matrices and f 30 percent for aqueous matrices were employed for the project. 

Field duplicates monitor the consistency with which environmental samples were obtained and analyzed. 

Laboratory duplicates measure the reproducibility of laboratory generated results. RPDs were calculated 

for each set of field and laboratory duplicates generated for the investigation. Failures in meeting the 

precision objectives resulted in the qualification (as per data validation protocols) of the associated analytical 
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data. The qualification of Phase II RI analytical data is discussed in Section 3.1.3 of this report, as well as 

the implications of the data qualifications. 

3.1.1.2 Accuracy 

The degree of accuracy of a measurement, which is expressed as a percent recovery, is based on a 

comparison of the measured value with an accepted reference or true value. Accuracy measurements are 

determined by the analysis of “spiked” samples (i.e., blank, surrogate, or matrix spikes). These analyses 

measure the accuracy of laboratory operations as affected by the sample matrix. Percent recovery is 

calculated using the following equation: 

s* -so %R = - 
S 

x100 

where: %R = percent recovery 

s, = result of spiked sample 

s, = result of non-spiked sample 

s = concentration of spiked amount 

In generali, the accuracy objective for the NSB-NLON project is defined as 75 to 125 percent (percent 

recovery). Method-specific objectives expressed on an analyte-specific basis were presented in Table 7.1 

of the Atlantic QA/QC Plan. Failures in meeting the accuracy objectives resulted in the qualification (as per 

data validation protocols) of the associated analytical data. A discussion of the qualification of Phase II RI 

analytical data and the implications of the data qualifications is provided in Section 3.1.3. 

3.1.1.3 Completeness 

Completeness is a measure of the amount of valid data obtained from the field and laboratory analysis in 

relation to the total amount of data collected. Completeness is typically expressed as a percentage and is 

determined using the following equation: 

%C = ~xloo 
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where: %C = percent completeness 

v = number of results determined to be valid 

T = total number of results 

-* 

Under ideal conditions, the completeness objective would be 100 percent. However, samples can be 

rendered unusable during shipping or preparation (e.g., bottles broken or extracts accidentally destroyed) 

or analysis (e.g., loss of instrument sensitivity, strong matrix effects). The completeness objective for this 

project is r 90 percent, as stated in the Atlantic QA/QC Plan. The calculated percent completeness for 

all validated data presented in this RI Report is 97.9% (i.e., 2,775 analytical results out of a total of 131,002 

data points were qualified as unusable), indicating that the data completeness objective for the project was 

achieved. 

Table 3-l contains a list of those sample results which were determined to be invalid and unusable via data 

validation. Section 3.1.3 contains a summary of the data validation results and describes, in general, the 

rationale behind the rejection of these analytical results. 

3.1.2 Field Quality Control Samples 

The following field quality control (QC) samples were collected and analyzed in accordance with DQO 

Level C, D, and E requirements, as specified in the Atlantic QA/QC Plan (Atlantic Environmental 

Services, Inc., May 1993) for the RI Phase II sampling effort: 

0 Field duplicates were obtained at a frequency of one per every ten samples (10%) per matrix. 

Field duplicates for soil samples are two separate samples collected from the same source. 

Aqueous sample duplicates are collected simultaneously. Duplicates assess the overall precision 

of the sampling and analysis program. 

l Trip blanks of analyte-free water were generated by the laboratory, taken to the sampling site, 

and returned to the laboratory with the samples to be analyzed for volatile organic compounds. 

Analytical results for trip blanks are used to determine the level of contamination associated with 

the transportation of samples. One trip blank was collected per each cooler and analyzed for 

volatile organics. 

a Rinsate blanks were obtained by pouring analyte-free water over sample collection equipment 

(e.g., bailers, etc) after decontamination to assess the effectiveness of field decontamination -d 
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procedures. Samples were obtained at a frequency of 1 per day per media per analysis. 

However, only samples generated every other day were subjected to chemical analysis. . 

0 Field blanks consisted of source water samples used in steam cleaning and/or decontamination 

and are used to determine the level of contamination associated with the source water. Field 

blanks were obtained at a frequency of 1 per event per decontamination water source. 

Documentation for the actual collection of the aforementioned field QC samples is provided in Appendix 8.2, 

Chain of Custodies (COCs), for all Phase II RI analytical data. 

3.1.3 Data Validation 

All Phase II RI analytical data were subjected to data validation. Data validation is an objective systematic 

process in which analytical data are reviewed to ascertain the validity of the reported results and to identify 

for the data user the possible limitations of these results. This section summarizes the various aspects of 

the data validation process. 

/----. 
3.1.3.1 General Data Validation Procedures 

Validation of data generated for samples collected at NSB-NLON during the Phase II RI was completed in 

accordance with the procedures for Level D and Level C data validation as outlined in Navy guidance 

(Sampling and Chemical Analysis Quality Assurance Requirements for the Navy Installation Restoration 

Program, NEESA 20.2-047B). Level D data validation was performed for all samples analyzed via the 

USEPA’s Contract Laboratory Program (CLP) methods, as well as for some samples analyzed via SW-646 

methods that are similar to the CLP methods (e.g., the 8000 series methods). Such data were validated in 

accordance with the USEPA’s CLP Functional Guidelines for Organic and Inorganic Data Review, as 

amended for use in USEPA Region I. Level C validation was completed for various engineering and 

chemical/physical parameters, radiological data, and air samples in accordance with the functional 

guidelines to the greatest extent practicable, in view of method-specific quality assurance/quality control 

requirements and criteria outlined in the NEESA guidance document. 

The validation process included consideration of the following: data completeness, holding time compliance, 

mass calibrations, field QC and laboratory generated blanks, internal standards, surrogate spikes, blank 

spikes, matrix spikes, field duplicate precision, chemical interferences, quantitation, detection limits, and 

system performance. 
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Evaluation of laboratory and field QC blank analyses aided In the elimination of false positive results which 

were identified as laboratory artifacts. The overall determination of data utility or reliability was based upon 

laboratory compliance with specified methods and adherence to quality control requirements. The 

noncompliance observed during the validation process resulted in qualification of analytical data. The 

qualifiers alert the data user to imprecise or estimated results, and, In the worst case, unreliable and 

unusable data. 

The net results of the validation process were summarized In sample delivery group-specific technical reports 

consisting of a memorandum, a section of qualified analytical results, Region I validation worksheets, and 

a supporting documentation section which provided the rationale for changes and/or qualification of the 

data. These memoranda provided a detailed explanation of the results of the data validation review. As a 

result of the magnitude of the Phase II RI, in excess of 100 data validation memoranda were generated. All 

data validation documentation is currently retained on file by B&R Environmental. 

3.1.3.2 Data Validation Qualifiers 

As mentioned previously, the qualification of analytical data during the validation process (i.e., application 

of U, J, UJ, UR, and R qualifiers) was conducted as required by the USEPA Functional Guidelines. The 

attachment of the data qualifiers to analytical results signifies the occurrence of quality control 

noncompliance which have been noted during the course of data validation. The various data qualifiers are 

defined. as follows: 

0 2 - Indicates that the chemical was not detected at the numerical detection limit (quantitation 

limit) noted. Nondetected results from the laboratory are reported in this manner. This qualifier 

is added to a positiie result (reported by the laboratory) if the detected concentration is 

determined to be attributable to contamination introduced during field sampling or laboratory 

analysis. 

l UJ - Indicates that the chemical was not detected. However, the detection limit (quantitation 

limit) is considered to be estimated based on problems encountered during laboratory analysis. 

The associated numerical detection limit is regarded as inaccurate or imprecise. 

0 4 - Indicates that the chemical was detected. however, the associated numerical result is not 

a precise representation of the amount which is actually present in the sample. The laboratory 

reported quantity is considered to be an estimate. 
4 
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0 m - Indicates that the chemical may or may not be present. The nondetected analytical result 

reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies (i.e., holding times missed by a factor of two times the 

specified time limit, severe calibration noncompliance, and extremely low quality control 

recoveries). 

0 E - Indicates that the chemical may or may not be present. The positive analytical result 

reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied 

in cases of gross technical deficiencies. 

The preceiding data qualifiers may be categorized as indicative of major problems and minor problems. 

Major problems are defined as issues that result in the rejection of data, qualified with UR and R data 

validation qualifiers. These data are considered invalid and are not used for risk assessment and decision 

making. Minor problems are defined as issues resulting in the estimation od data, qualified with the U, J, 

and UJ data validation qualifiers. Estimated analytical results are considered to be suitable for risk 

assessmeint and decision making purposes. 

3.1.3.3 Summary of Data Validation Results 

A brief summary of the data validation results for the Phase II RI sampling effort is provided below. All 

validated analytical results for NSB-NLON are presented in Appendix D (Analytical Database). 

Orqanics Analyses 

Acetone, chloroform, methylene chloride, toluene, benzoic acid, bis(2-ethylhexyl)phthalate, di-n- 

butylphthallate, and phenol were identified as laboratory and/or field QC blank contaminants on a frequent 

basis. Other chemicals sporadically detected in the laboratory and field QC blanks include 2-butanone, 

carbon disulfide, chloromethane, 1,3dichlorobenzene. 1 .l ,dichloroethene, 2-hexanone, tetrachloroethene, 

1,l.l -trichloroethane, benzyl alcohol, butylbenzylphthalate. diethylphthalate, and heptachlor. Detection limits 

for these compounds in the affected environmental samples were elevated during the datavalidation process 

as positive results are considered to be attributable to blank contamination. 

In general, analytical results for organic compounds were qualified as estimated, J or UJ, for observed 

noncompliance with matrix spike analyses, laboratory control standards, surrogate spike analyses, internal 

standards, calibrations, holding times, and field duplicate precision. Positive results reported at 
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concentrations less than the Contract Required Quantltation Limit (CRQL) were also qualified as estimated. 

Because of missed holding times, organic results for the following environmental samples were estimated, 

J or UJ: 

0 2DGW16D-2 0 2WCSDll 

0 2DGW25D-2 0 4SD2 

0 2WCSD4 0 NESX-2 

0 2WCSD5 0 6MW2D-0406 

l 2WCSD7 0 PIPECHASE 

Holding time exceedances were not considered to be gross noncompliance, therefore, the rejection of 

sample data was not warranted. Field duplicate/replicate imprecision was noted for various organic 

parameters in the following sample pairs: 

l 

0 

0 

0 

0 

0 

0 

l 

l 

0 

0 

l 

l 

l 

l 

l 

l 

l 

0 

2DGW26D / 2DGW26D-D (bis(2ethylhexyt)phthalate) 

2DGW29-S-2 / 2DGW29-S-D-2 (vinyl chloride, 1,2dichloroethene) 

2WCTB2-0002 / 2WCTB2-0002D (4,4’-DDE) 

2WCMW3S1618 / 2WCMW3S1618-D (carbon disulfide, some SemiVOlatileS) 

4SS6 / 4SS6-D (some volatiles. semivolatiles, pesticides, PCBs) 

7GW3S2 / 7GW3SD-2 (1 ,l (1 -trichloroethane) 

8GW4S / 8GW4S-D (some volatiles, semivolatiles) 

8GW5S / 8GW5S-D (tetrachloroethane, some semivolatiles) 

8ASl / 8ASl-D (acetone, P-butanone) 

8TB5-1416 / 8TB5-1416-D (some volatiles, semivolatiles, pesticides) 

8TB14-1214 / 8TB14-1214-D (some volatiles, semlvolatiles, pesticides, PCBs) 

CMUl / CMUl-R (some volatiles) 

CMU2 / CMU2-R (some volatiles. semivolatiles) 

CMU4 / CMU4-R (some volatiles. pesticides, PCBs) 

CMU5 / CMUS-R (some volatiles, semivolatiles) 

MU-C / MU-C-D (some volatiles. pesticides/PCBs) 

T3SDl / T3SDl -D (4,4’-DDT) 

T5SD4 / T5SD4-D (some semivolatiles) 

EC-SDTR0602 / DUP-07 (2-butanone) 
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The associated analytical results in the field duplicate pair sampfes only were regarded as estimated and 

were qualfied as such. 

Severe calibration problems (i.e., relative response factors c 0.05) were observed in eight organic sample- 

delivery groups. These gross noncompliance resulted in the rejected of nondetected results for acetone, 

hexachlorocyclopentadiene, 2-hexanone, 4,6dinitro-2-methylphenol, 2,4dinltrophenol, 4-nltrophenol, and 

N-nitrosodi-n-propyiamine in the affected samples. Additionally, nondetected results for endrin and 4,4,‘- 

4,4’ DDT in some mussel samples (CMU2, CMUB, CMUCR, MU-C, and MU-C-D) were considered to be 

unreliable and qualified as rejected, R, as a result of severe breakdown criteria exceedances. Organic 

results for some ecological samples were also rejected because of poor column performance, extremely low 

matrix spike recoveries, and extremely low percent solids. A summary of the rejected analytical results for 

the Phase II RI samples is provided in Table 3-l. 

Inorganic Analyses 

Several inorganic chemicals were detected as contaminants in the taboratory and/or field QC blanks at 

varying cioncentrations. The detection limits of those results that were found to be attributable to blank 

contamination introduced during laboratory analysis or field sampling were raised during the validation 

process. 

Inorganic sample results were typically qualified as estimated based on problems noted with instrument 

calibrations, matrix spikes, post digestion spikes (graphite furnace data only), analysis of Contract Required 

Detection Limit (CRDL) standards, laboratory and field duplicate precision, serial dilution analyses (ICP only), 

laboratory control standards, chemical interferences (ICP only), and poor instrument performance (i.e., 

baseline clrifting). Because of uncertainty near the Instrument Detection Limit (IDL), sample results less than 

two times the IDL were also considered to be estimates. Noncompliant field duplicate RPDs were noted for 

some inorganic parameters in the following sample pairs and the associated sample results were qualified 

J or UJ for field duplicate imprecision: 

l 2DGWl5D-2/ 2DGW15D-D-2 (iron for dissolved matrix) 

l 2DGW29S-2 / 2DGW29S-D-2 (lead for total matrix) 

l 4SW2 / 4SW2-D (boron for dissolved matrix, iron for total matrix) 

0 4SS6 / 4SS6-D (aluminum) 

0 7GW9S / 7GW9S-D (iron for total matrix) 

0 8SD4 / 8SD4-D (arsenic, chromium, lead, zinc) 
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8TB14-1214 / 8TB141214D (chromium, iron, lead, manganese, zinc) 

8TB5-1416 / 8TB5-1416-D (barium, cobalt, mercury, zinc) 

13TB3A-2.5-Q.5 / 13TB3A-2.5-4.5 (TAL and TCLP lead) 

T5SD4 / T5SD4-D (calcium, mercury) 

BV03 / BV09D (copper, sodium, zinc) 

ECSDS09-02 / DUP-05SD (lead) 

EC-SWS0962 / DUP-05W (iron for total matrix) 

EC-SWNP23-2 / DUP-04 (boron for total matrix) 

Inappropriate sample preservation techniques (i.e., measured pH values > 2) were observed for the following 

samples. All inorganic results for these samples were qualified as estimated, according to USEPA Region 

protocols. 

0 13GW18-2 (total matrix) 

0 2WCGW3S-2 (total matrix) 

0 2WCGWl S-2 (total matrix) 

0 2WCGWl S-2 (dissolved matrix) 

0 2WCGW3S-2 (dissolved matrix) 

0 2WGW21 S-2 (total and dissolved matrices) 

Gross matrix spike recovery noncompliance (i.e., percent recoveries < 30%) resulted in the rejection of 

some sample results for antimony, arsenic, lead, mercury, selenium, silver, and thallium. Extreme chemical 

interferences (from high analyte concentrations of calcium, iron, magnesium, and/or sodium) were reported 

for various chemicals analyzed by ICP. Analytical results for antimony, barium, boron, cadmium, chromium, 

copper, lead, sodium, and vanadium in the affected samples were considered to be invalid and were 

qualified as rejected, R. All unreliable and unusable results for Phase II RI analyses are presented in 

Table 3-l. 

Miscellaneous Parameters 

The total phosphorus result for sample 7GW3D2; BOD results for samples 4GW3S-2, 8GW7S-2,8SW6, and 

8SW5; and the acid volatile sulfide result for EC-SD392 were qualffied as estimated because of marginal 

holding time exceedances. Some TPH results were considered to be estimates because of low laboratory 

control standard recoveries. Because of observed field duplicate imprecision, analytical results in the 

following sample pairs were qualified as estimated: 

-4 

-r 
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l 13TB3A-2.5-4.5 / 13TB3A-2.5-4.5-D (FPH) 

a EC-SWS209-02 / DUP-05 (hardness for dissolved) 

0 EC-SWNP2342 / DUP-04 (hardness for total and dissolved matrices) 

In general, analytical data for miscellaneous parameters (such as TPH, BOD, TOC, etc.) were accepted 

without qualification. 

All validated analytical results for NSB-NLON are presented in Appendix D (Analytical Data Base). This data 

base is inclusive of all results (i.e., nondetects and positive results) and is used to define the nature and 

extent of contamination, assess contaminant fate and transport, and to complete the baseline human health 

and ecololgical risk assessments. 

3.2 CHEMICAL FATE AND TRANSPORT ANALYSIS 

Various aspects of contaminant fate and transport at NSB-NLON are discussed in this section. Properties 

that affect chemical migration are presented in Section 3.2.1. Section 3.2.2 presents a brief discussion of 

chemical persistence. Section 3.2.3 presents an overview of chemical fate and transport. Specific aspects 

of chemical transport at each site are discussed in Sections 5.0 through 17.0. 

3.2.1 Chemical and Physical Properties 

Various chemical and physical properties of all detected site compounds are presented and discussed in 

this section. These parameters may be used to estimate the environmental behavior of site chemicals. 

Physical and chemical properties of the organic chemicals found at NSB-NLON are presented in Table 3-2. 

Literature values of the water solubility. octanol/water partition coefficient, organic carbon partition 

coefficient, vapor pressure, Henry’s Law constant, bioconcentration factor, and specific gravity are 

presented, when available. Calculated values, which were obtained using approximation methods, are 

presented when literature values are not available. A discussion of the environmental significance of each 

of these parameters follows. 

3.2.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature. Its primary use is to determine whether a 
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contaminant will have a tendency to float or sink in water if it is present as a pure compound or at very high 

concentrations. Contaminants with a specific gravity greater than 1 will tend to sink, whereas contaminants 

with a specific gravfty less than 1 will tend to float. This parameter becomes important in discussions 

regarding the potential presence of free product or nonaqueous-phase liquids. 

of the commonly detected chemicals at these sites, the ketones and some monocyclic aromatics have 

specific gravities less than 1. The halogenated aliphatlcs, polycyclic aromatic hydrocarbons (PAHs), 

polychlorinated biphenyls (PCBs), phthalate esters, and pesticides have specific gravities greater than 1. 

3.2.1.2 Vapor Pressure 

Vapor pressure provides and indication of the rate at which a chemical volatilizes from both soil and water. 

It is of primary importance at environmental interfaces, such as surface soil/air and surface water/air. 

Volatilization is not as important when evaluating contaminated groundwater and subsurface soils. Vapor 

pressures for ketones, monocyclic aromatics, halogenated aliphatics, and nltrogen-containing compounds 

are generally many times higher than vapor pressures for pesticides and PCBs. Chemicals with higher vapor 

pressures are expected to enter the atmosphere much more readily than chemicals with lower vapor 

pressures. Volatilization is a significant loss process for volatile organics in surface water or surface soil. 

Volatilization is not significant for inorganics. Surface soils at the base do not contain high concentrations 

of volatile organics. This fact most likely indicates that volatilization has occurred from surface spills and 

surface disposal of volatile chemicals. 

3.2.1.3 Solubilfty 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to 

its water solubility. More soluble chemicals are more readily leached than less soluble chemicals. The water 

solubilities presented in Table 3-2 indicate that the volatile organic chemicals (ketones, monocyclic 

aromatics, and halogenated aliphatics) and nitrogen-containing compounds are usually several orders of 

magnitude more water-soluble than the pesticides and PCBs. The groundwater data show that the various 

types of volatile organics are the predominant contaminants. 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.). The solubility is also dependent on pH, Eh, and other ionic species in solution (the 

Debye-Huckel theory). The solubility products reported in the literature vary with the type of complex 
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formed, but generally it can be noted that, for example, cadmium and copper complexes are more soluble 

than lead and nickel complexes. 

3.2.1.4 Octanol/Water Partition Coefficient 

The octanol/water partition coefficient (G,,,) is a measure of the equilibrium partitioning of chemicals 

between octanol and water. A linear relationship between the K,,,,, and the uptake of chemicals by fatty 

tissues at animal and human receptors (the bioconcentration factor) has been determined (Lyman 

et al., 1990). It is also useful in characterizing the sorption of compounds by organic soils where 

experimeintal values are not available. Pesticides and PCBs are several orders of magnitude more likely to 

partition ‘to fatty tissues than the more soluble volatile organics. The K,, is also used to estimate 

bioconcelntration factors in aquatic organisms. 

3.2.1.5 Organic Carbon Partition Coefficient 

The organic carbon partition coefficient (KO,) indicates the tendency of a chemical to bind to soil particles 

containing organic carbon. Chemicals with high Koc’s generally have low water solubilities and vice versa. 

This parameter may be used to infer the relative rates at which the more mobile chemicals (ketones, 

monocyclic aromatics, and halogenated aliphatics) are transported in the groundwater. Chemicals such as 

most pesticides, PAHs, and PCBs are relatively immobile in the soil and are preferentially bound to the soil. 

These compounds are not subject to groundwater transport to the extent that compounds with higher water 

solubilities are. However, these immobile chemicals are easily transported by erosional processes when they 

are present in surface soils. 

3.2.1.6 Henry’s Law Constant 

Both the vapor pressure and the water solubility are of use in determining volatilization rates from surface 

water bodlies and from groundwater. The ratio of these two parameters (the Henry’s Law constant) is used 

to calculated the equilibrium chemical concentrations in the vapor (air) phase versus the liquid (water) phase 

for the dilute solutions commonly encountered in environmental settings. In general, chemicals having a 

Henry’s Law constant of less than 5E-6 atm-m3/mole, such as pesticides and PCBs, should volatilize very 

little and be present only in minute amounts in the atmosphere or soil gas. For chemicals with a Henry’s 

Law constant greater than 5E-3 atm-m3/mole, such as many of the halogenated aliphatics, volatilization and 

diffusion in soil gas could be significant. 
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3.2.1.7 Bioconcentretion Factor 
=i 

The bioconcentration factor (BCF) represent the ratio of aquatic-animal-tissue concentration to water 

concentration. The ratio is both contaminant= and species-specific. When site-specific values are not 

measured, literature values are used or the BCF is derived from the octanol/water coefficient. Many of the 

pesticides and PCBs will bioconcentrate at levels 3 to 5 orders of magnftude greater than those 

concentrations found in the water, whereas volatile organlcs and nitrogencontaining compounds are not 

as readily bioconcentrated. 

3.2.1.8 Distribution Coefficient 

The distribution coefficient (KJ is a measure of the equilibrium distribution of a chemical or ion in soil/water 

systems. The distribution of organic chemicals is a function of both the K,, and the amount of organic 

carb,on in the soil. For ions (e.g., metals), K, is the ratio of the concentration adsorbed on soil surfaces to 

the concentration in water. Distribution coefficients for metals vary over several orders of magnitude 

because the K, is dependent on the size and charge of the ion and the soil properties governing exchange 

sites on soil surfaces. Coulombs Law predicts that the ion with the smallest hydrated radius and the largest 

charge will be preferentially accumulated over ions with larger radii and smaller charges. Soil and clay 

distribution coefficients for inorganics are shown in Table 3-3. 

3.2.2 Contaminant Persistence 

The persistence of various classes of chemicals is discussed in this section. Several transformation 

mechanisms affect chemical persistence, such as hydrolysis, biodegradation, photolysis, and 

oxidation/reduction reactions. The following general classes of compounds are discussed: 

Ketones 

Monocyclic aromatics 

Halogenated aliphatics 

Polycyclic aromatic hydrocarbons (PAHs) 

Phthalate esters 

Pesticides 

Polychlorinated biphenyls (PCBs) 

Nitrogen-containing compounds 

..- 
=w 
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0 Chlorinated dibenzo-pdioxins (CDDs) 

0 Metals 

3.2.2.1 Ketones 

Ketones are highly volatile and soluble, and these two processes dominate the fate of these compounds in 

the environment. Ketones are not considered to be persistent in the environment, particularly in comparison 

to chemicals such as PCBs and pesticides. Hydrolysis is generally not a significant fate process for this 

class of chemicals, nor is bioconcentration significant, based on the low )dWs (Howard, 1990). 

Acetone is completely miscible in water and is unlikely to adsorb to soil or sediments or bioaccumuiate. 

It has a high vapor pressure and once released to the air, photolysis and reaction with hydroxyl radicals 

result in an average half-life of 22 days (Howard, 1990). 

2-Butanone will partially evaporate into the atmosphere if released to the soil, and may also leach into the 

groundwater. Once in the groundwater, 2-butanone may slowly degrade. In surface water, 2-butanone has 

a half-life of approximately 3 to 12 days. Hydrolysis, photoiysis, bioconcentration, and adsorption are not 

significant fate processes for this chemical (Howard, 1990). 

4-Methyl+pentanone may be removed from soil by direct photolysis, volatilization, or aerobic 

biodegradation. It is also susceptible to leaching and may be found in groundwater. If released to surface 

water, it has a volatilization half-life of 15 to 33 hours, and is also subject to direct photolysis. This 

compound does not significantly bioconcentrate, oxidize, hydrolyze, or adsorb to soil (Howard, 1990). 

3.2.2.2 Monocyclic Aromatics 

Monocyclic aromatic compounds such as benzene, toluene, chlorobenzene, and xylenes are not considered 

to be persistent in the environment, particularly in comparison to chemicals such as PCBs and pesticides. 

Monocyclic aromatics are subject to degradation via the action of both soil and aquatic microorganisms. 

The biodegradation of these compounds in the soil matrix is dependent of the abundance of microflora, 

macronutrient availability, soil reaction (pH), temperature, etc. 

Although ,these compounds are amenable to microbial degradation, it is not anticipated that degradation will 

occur at an appreciable rate, although macronutrient availability is not known. in the event that these 

compounlds discharge to surface water bodies, volatilization and biodegradation may occur relatively rapidly. 
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For example, a reported first-order biodegradation rate constant for benzene is 0.11 day” in aquatic systems 

(Lyman et al., 1990). This corresponds to an aquatic half life of approximately 6 days. Other monocyclic 

aromatics are subject to similar degradation processes in aquatic environments (USEPA, December 1982). 

However, chlorinated monocyclic aromatics such as chlorobenzene are not expected to be as susceptible 

l to microbial degradation. For example, a reported first-order biodegradation rate constant for chlorobenzene 

is 0.0046 day-’ in aquatic systems (Lyman et al., 1990, which corresponds to an aquatic half-life of 

approximately 150 days. 

Benzene in groundwater is significantly reduced by the action of aerobic bacteria. A biodegradation rate 

of 0.95%/day has been reported (Chiang et al., 1989). The amount of benzene, toluene, and xylenes in the 

groundwater was reported to be directly proportional to the availability of dissolved oxygen. 

Additional environmental degradation processes, such as hydrolysis and photolysis, are considered to.be 

insignificant fate mechanisms for monocyclic aromatics in aquatic systems (USEPA, December 1982). 

However, some monocyclic aromatics such as benzene and toluene have been shown to undergo clay-, 

mineral-, and soil-catalyzed oxidation (Dragun, 1988). 

3.2.2.3 Halogenated Aliphatics 

Halogenated aliphatic hydrocarbons such as 1,1,2,2-tetrachloroethane and trichioroethene are subject to 

abiotic dehydrohalogenation. This process is an elimination reaction that results in the formation of an 

ethene from a saturated halogenated compound (Olsen and Davis, 1990). Therefore the presence of 

dichloroethane in groundwater in association with ethanes may be a result of this process. Research 

indicates that microbial degradation of highly chlorinated ethanes is a relatively slow process. 

1 ,l ,l -trichloroethane has been shown to break down lo 1.1 dichloroethane and chloroethane (Smith and 

Dragun, 1984). with half-lives reported on the order of 6 to 8 months. Hydrolysis, photoiysis, and oxidation 

are generally not considered to be significant fate processes for the chlorinated ethanes. 

While trichloroethene is reportedly susceptible to degradation, the primary end product is reportedly vinyl 

chloride, which degrades slowly (Cline and Viste. 1984). It does not appear that appreciable degradation 

of halogenated aliphatics occurs in aerobic aquatic systems (USEPA, December 1982) or in unsaturated 

soils (Lyman et al., 1990). 
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Photolysis is not considered to be a relevant degradation mechanism for this class of compounds (USEPA, 

Decembelr 1982). Limited hydrolysis of saturated aliphatics (i.e., aikanes) may occur, but it does not appear 

to be a significant degradation mechanism for unsaturated species (i.e., alkenes) (USEPA, December 1982). 

Under certain conditions, volatilization is a significant fate process for these compounds. Volatilization is 

only significant at the air-soil or air-water interface. Adsorption should not be considered as an important 

fate for these types of compounds when compared to more hydrophobic compounds (PCBs for example). 

3.2.2.4 Poiycyclic Aromatic Hydrocarbons (PAHs) 

- 

PAHs have very low solubilities, vapor pressures, and Henry’s Law constants, and high bcs and KoW.s. The 

low-moiec:ular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) may volatilize from 

surface waters, while the high-molecular-weight PAHs (e.g., benzo(a)pyrene, benzo(a)anthracene, chrysene, 

etc.) are less likely to volatilize. PAHs in soil are much more likely to bind to soil and be transported via 

mass transport mechanisms than to go into solution. PAHs are subject to degradation via aerobic bacteria, 

but may be relatively persistent in the absence of microbial population or macronutrients such as 

phosphorus and nitrogen. 

Bioconcentration of PAHs in aquatic organisms is greater for the higher-molecular-weight compounds than 

the lower-molecular-weight compounds. PAHs can be bioaccumulated from water, sediments, or lower 

organisms in the food chain. 

Landsprealding applications have indicated that PAHs are highly amenable to microbial degradation in soil. 

The rate of degradation is influenced by temperature, pH. oxygen concentrations, initial chemical 

concentrations, and moisture. Photoiysis, hydrolysis, and oxidation are not important fate processes for the 

degradation of PAHs in soil (ATSDR, October 1989c). 

The most important fate of PAHs in water are photo-oxidation, chemical oxidation, and biodegradation. 

PAHs do not contain functional groups that are susceptible to hydrolytic action, and hydrolysis is considered 

to be an insignificant degradation mechanism. The rate of photodegradation is influenced by water depth, 

turbidity, and temperature. Benzo(a)pyrene, chtysene, fluorene, and pyrene are reported to be resistant to 

photodegradation. PAHs may also be oxidized by chlorination and ozonation, and may be metabolized by 

microbes Iunder oxygenated conditions (ATSDR, October 1989c). 
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3.2.2.5 Phthalate Esters 

Phthaiate esters are considered to be relatively persistent chemicals in the environment. Although numerous 

studies have demonstrated that phthaiate esters undergo biodegradation, it appears that this is a slow 

process in both soils and surface waters. Certain microorganisms have been shown to excrete products 

that increase the sdubiiity of phthaiate esters and enhance their biodegradation (Gibbons and 

Alexander, 1989). 

Biodegradation of bis(2-ethyihexyi)phthaiate and other phthalates in water is an important fate mechanism, 

with a half-life of 2 to 3 weeks reported for bis(2-ethylhexyi)phthaiate (Howard, 1989). Bioaccumulation is 

also a significant fate process. Hydrolysis of phthaiate esters is very slow, with calculated half-lives of 

3 years (dimethylphthaiate) to 2000 years (bis(2ethylhexyi)phthaiate) (USEPA, December 1979). Similarly, 

photolysis and volatilization are considered to be insignificant degradation mechanisms (USEPA, 

December 1979; Howard, 1989). 

3.2.2.6 Pesticides 

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for these 

chemicals. Surface soil runoff may carry pesticides to adjacent surface water bodies. Bioconcentration of 

pesticides in the food chain is another important fate mechanism. Hydrolysis, oxidation, and photoiysis are 

not generally important fate mechanisms for pesticides in soil or water. Hydrolysis half-lives for several 

pesticides are reported in periods of months to years (USEPA, December 1979). Some of the more 

commonly detected pesticides are discussed below. 

0 4,4’-DDT and its metabolites are considered to be persistent chemicals. They undergo 

extensive adsorption to soil and are not highly soluble. Biodegradation may occur under both 

aerobic and anaerobic conditions in the presence of certain soil microorganisms. Under aerobic 

conditions, 4,4’ DDT may be transformed to DDE, while under anaerobic conditions, 4,4’ DDD 

may result. These compounds are, however, somewhat volatile, with a reported half-life of 

100 days for 4,4’ DDT. These compounds are highly iipophiiic and therefore readily 

bioaccumulate (ATSDR, October 1992~). 4,4’ DDT is no longer in production in the United 

States. 

l Dieidrin is an extremely persistent pesticide, but is no longer registered for general use. in soil, 

dieldrin will persist for long periods of time (more than 7 years), and may slowly evaporate. it 
-w 
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does not readily leach to groundwater. Once in surface waters (via runoff), dieidrin adsorbs 

strongly to sediments and bioconcentrates, and slowly photodegrades. Biodegradation and 

hydrolysis are not significant (Howard,. 1991). 

0 The use of heptachlor was restricted to underground termite control in 1988. Heptachior 

epoxide is formed by the biological transformation of heptachior in the environment. These 

compounds sorb strongly to soil. Heptachior is subject to biodegradation (forming heptachior 

epoxide, which is highly resistent to biodegradation) and hydrolysis. Bioconcentration of both 

compounds is significant, while volatilization and photoiysis are very slow (Howard, 1991). 

0 Methoxychlor wifi remain in the soil and does not leach significantly. It degrades more rapidly 

under anaerobic conditions (less than 28day half-life in sediments) than in aerobic conditions 

(more than 1 OOday half-life in sediments). in water, methoxychlor may adsorb to sediments or 

it may bioaccumuiate, although fish are reported to metabolize methoxychior fairly rapidly 

(Howard, 1991). 

-= 
3.2.2.7 Polychlorinated Biphenyis (PCBs) 

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known 

to transform PCBs under environmental conditions, and only the lighter compounds are measurably 

biodegraded (USEPA, December 1979). Although some microorganisms (e.g., Phanaerochaete 

chrysosporium) may biodegrade PCBs, such fungi may not exist in local soil. There is experimental 

evidence to suggest that heavier PCBs (five or more chlorines per molecule) can undergo photoiytic 

degradation, but there are no data to suggest that this process operates under environmental conditions 

(USEPA, December 1979). Base-, acid-, and neutral-promoted hydrolysis are considered to be 

inconsequential degradation mechanisms for PCBs (USEPA, December 1982). 

3.2.2.8 Nitrogen-Containing Compounds 

Nitrogen-containing compounds such as N-nitrosodiphenyiamine are subject to significant biodegradation 

in both soil and water. The addition of soil amendments can significantly enhance biodegradation rates. 

No studies of hydrolysis and oxidation are available (ATSDR, October 1991i), but are not thought to be 

significant (USEPA, December 1979). In addition, volatilization is not significant. 
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The most probable fate of 3,3’dichiorobenzidine in surface water is adsorption to particuiates and 

sediments. Photoiytic dechlorination is rapid in shallow water. Biodegradation and volatilization are not 

significant in surface waters (USEPA, December 1979). When released to soil, it will sorb to soil particles 

and may undergo chemical reactions with soil components. Very slow mineralization may occur 

(Howard, 1989). 

=4 

3.2.2.9 Chlorinated Dibenzo-p-Dioxins (CDDs) 

Little information is available on the fate of octachiorodibenzo-pdioxin in the environment. However, 

2,3,7,8-tetrachiorodibenzo-pdioxin (TCDD) is expected to be fairly immobile in soil. Leaching through the 

soil column is possible in soils of very low organic carbon content as a result of sdvation or biotic mixing 

by earthworms. A white rot fungus (Phanaerochaete chrysosporium) has been shown to degrade TCDD, 

but this process is not reported in natural soil. Additionally, photoreaction and volatilization may remove 

some TCDD from soil surfaces (ATSDR, November 1987b). 

3.2.2.10 Metals 

Metals are highly persistent environmental contaminants. They do not biodegrade, photoiyze, hydrolyze, 
* 

etc. The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part of 

the soil structure) and bioaccumuiation. 

The mobility of metals is influenced primarily by their physical and chemical properties in combination with 

the physical and chemical characteristics of the soil matrii. Factors that assist in predicting the mobility of 

inorganic species are the soil/pore water pH, soil/pore water Eh, and cation exchange capacity. The 

mobility of metals generally increases with decreasing soil pH and cation exchange capacity. 

3.2.3 Contaminant Fate and Transport 

This section presents a brief overview of contaminant fate and transport issues at NSB-NLON. Site-specific 

concerns are contained in Sections 5.0 through 17.0. This discussion focuses on some of the major types 

of contaminants found at the site. 
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3.2.3.1 Volatile Organics 

Volatile organic chemicals are typically considered to be fairly soluble and have a low ca~city for retention 

by soil organic carbon, and therefore are the organic compounds most frequently detected in groundwater. 

These types of chemicals may migrate through the soil column after being released by a spill event or by 

subsurface waste burial as infiltrating precipitation solubiiizes them. Some portion of these chemicals is 

retained by the soil, but most will continue migrating downward until they reach the water table. At that 

time, migration is primarily laterally with the hydraulic gradient. Again, some. portion of the chemical may 

be retained by the saturated soil. 

Several of these compounds have specific gravities less than that of water (e.g., benzene, toluene). These 

compounds are typically found in fuels, and if a large enough fuel spill occurs, these compounds may move 

through the soil column as a bulk liquid, until they reach the water table. There, instead of going into 

solution, the majorii of the release may remain as a discrete fuel layer on the water table surface, with some 

of the material going into solution at the water/fuel interface. 

Similarly, compounds with specific gravities greater than that of water (e.g., trichioroethene) are often used 

in various industrial applications such as degreasing. if a large enough spill of these solvents occurs, they 

may also migrate as a bulk liquid, but will not stop at the water table. 

3.2.3.2 Polynuclear Aromatic Hydrocarbons 

PAHs are (generally considered to be fairly immobile chemicals in the environment. They are large molecules 

with high (organic carbon partition coefficients and low soiubiiities when compared to the volatile organics. 

These compounds, when found in the soil, generally do not migrate vertically to a great extent. instead, they 

are more likely to adhere to soil particles and be removed from the site via surface runoff and erosional 

processes. 

3.2.3.3 Pesticides 

Pesticides. were widely used at this installation. Many of the compounds detected are no longer licensed 

for general sale and use in the United States. Therefore, it is assumed that much of what was detected at 

the various sites are representative of past application for insect control. 
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Like the PAHs, pesticides as a class of compounds are not considered to be very mobile in the environment. 

These chemicals, upon application or disposal, tend to remain affiied to soil particles. Migration of 

pesticides occurs primarily by erosion via the action of wind or water. 

3.2.3.4 lnorganics 

Because metals are frequently incorporated into the soil matrix and remain bound to particulate matter, they 

also migrate from the source areas via bulk movement processes (erosion). The larger particles 

(> 0.45 microns, which are removed via the filtration step prior to water analysis) are not generally 

considered to be mobile in groundwater. The metals detected in unfiltered groundwater samples are likely 

to be representative of suspended soil material in the samples. 

There are some instances, however, where these metals are found at such concentrations or in such form 

as to be able to migrate in solution. it is possible that industrial activffies could saturate all available 

exchange sites in soil and hence a metal may be mobilized. Metals are also more mobile under acidic 

conditions, which may exist in areas where plating-type activities have occurred. Finally, a metal solution 

may be utilized in some industrial applications. in these cases, it is possible for metals to migrate vertically 

through the soil column and reach the groundwater. 

3.3 HUMAN HEALTH RISK ASSESSMENT PROCEDURES 

A risk assessment provides the framework for developing risk information necessary to assist in developing 

potential remedial alternatives for a site. A baseline human health risk assessment consists of five major 

components, as follows: 

l Data evaluation and identification of chemicals of concern 

0 identification of significant exposure pathways 

l Toxicity assessment 

0 Estimation of potential public health risks 

0 Characterization of uncertainty in the risk estimates 

To assess potential public health risks, three major aspects of chemical contamination and exposure must 

be considered: (1) chemicals with toxic characteristics must be identified in environmental media and be 

released by either natural processes or human action; (2) pathways by which actual or potential exposure 

occurs must be present; and (3) human receptors must be present at the point of exposure to complete the 
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exposure route. Risk is a function of both toxicity and exposure; without one of the factors listed above, 

there is no risk. 

The risk assessment for the NSB-NLON estimates the potential for human health risk at each site individually. 

information on the distribution of contamination, the toxicity of the compounds detected in the various 

media, and a site-specific estimate of chemical intake via assumed exposure routes are combined in each 

of Sections 5.0 through 17.0 to estimate potential risks. This section provides a summary of the process 

used, and ail information that would have to be repeated from section to section in order to avoid 

redundancy in the document. The risk assessment conducted for this base follows the most recent 

guidance from the USEPA (USEPA, December 1989 and March 25, 1991) including Regional guidance 

(USEPA Region I, August 1995, August 1994, and June 1989). 

The Data Evaluation Section is primarily concerned with the selection of Chemicals of Concern (COCs) that 

are representative of the type and magnitude of potential human health effects. Both the most current and 

historical data are considered to develop a list of COCs for each medium. in turn, these COCs are used 

to evaluate potential risks. A generic discussion of the process is contained in Section 3.3.1, while site- 

specific discussions are presented in the subsequent sections. 

The toxicity assessment presents the available human health criieria for ail the selected COCs. This 

assessment is contained in Section 3.3.2, although the final lists of COCs are presented throughout the 

document. This section is presented eariy to avoid repetition of the toxicity information when the chemicals 

are repea.ted from site to site. Quantitative toxicity indices are presented where they are available. 

Enforceable standards such as Maximum Contaminant Levels (MCLs), regulatory guidelines such as Ambient 

Water Quality Criteria (AWQC) and Health Advisories, and dose-response parameters such as Reference 

Doses (RfDs) and Cancer Slope Factors (CSFs) are presented for each COC. 

The Exposure Assessment section identifies potential human exposure pathways at the source areas under 

consideration. Exposure routes are developed from information on source area chemical concentrations, 

chemical release mechanisms, patterns of human activity, and other pertinent information to develop 

conceptual site models for each type of source. One overall set of exposure routes was developed for the 

base, but not ail routes are applicable to all sites. Section 3.3.3 presents the equations and relevant input 

parameters for estimating chemical intake, and the site-specific risk assessments present only those routes 

relevant to each site, and refer to Section 3.3.3 for the details on the estimation method. 
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The Risk Characterization section (Section 3.3.4) describes how the estimated intakes are combined with 
-4 

the toxicity information to estimate risks. The actual numerical results of this exercise are presented in the 

site-specific sections of this report. General uncertainties associated with the risk assessment process are 

discussed qualitatively in Section 3.3.5. Uncertainties associated with a particular site are provided in the 

site-specific sections. 

3.3.1 Data Evaluation 

Data evaluation is a site-specific task that uses a variety of information to determine which of the detected 

chemicals at a site are most likely to present a risk to potential receptors. The end result of this qualitative 

selection process is a list of COCs for each medium under consideration. The rationale for the selection 

and/or exclusion of each detected chemical is presented in the site-specific sections that follow. 

COCs for the baseline human health risk assessments are limited to those chemicals that exceed a selection 

criterion. For this risk assessment, risk-based criieria were used to reduce the number of chemicals and 

exposure routes considered in a risk assessment. The premise of this screening step is that risk is typically 

dominated by a few chemicals and that while dozens may actually be detected, many chemicals may 

contribute minimally to the total risk. 

The risk-based COC screening criieria used in the human health risk assessment were based on USEPA 

Region ill COC screening guidance (USEPA Region III. March 1994), which developed absolute risk-based 

concentrations (rather than the relative concentration-toxicity screen described by the USEPA in the Risk 

Assessment Guidance for Superfund) for nearly 600 chemicals in air, drinking water, fish tissue, and soil 

using certain default exposure routes. Current dose-response parameters were also employed in developing 

the screening criteria. The tap water ingestion values were used to screen the surface water and 

groundwater concentrations at NSB-NLON. the fish tissue concentrations were used to screen the biota data 

(oysters, clams, and estimated finfish tissue concentrations), and the residential soil ingestion concentrations 

were used to screen the soil and sediment data collected from each site. In addition, for air samples 

collected at the Nautilus Museum (Goss Cove Landfill site), ambient air values were used to identify COCs. 

The COC screening values used in the risk assessment are provided in Table 3-4 (groundwater and surface 

water), Table 3-5 (soil, sediment, shellfish, and finfish), and Table 3-6 (air). Other health-based standards 

are included in these tables to indicate, in general, the conservative nature of the risk-based COC screening 

criieria. 
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The criteria developed by USEPA Region III are based on reasonably expected maximum exposures that 

reflect the reasonable maximum receptor’s characteristics as defined by the USEPA Region I (see 

Section 3..3.3). The criteria for carcinogenic compounds are based on a lE-6 incremental lifetime cancer 

risk, as calculated by the Region. The criteria for noncarcinogenic compounds were estimated to represent 

a Hazard Quotient of 0.1, which is already one-tenth of the suggested total noncarcinogenic “risk” to a 

potential receptor. This estimation of risk is described in greater detail in Section 3.3.4. 

n -- 

The tap water criteria are based on an age-adjusted ingestion rate for small children (1 L/day for 6 years) 

and adults (2 L/day for 24 years) to cover a 30-year exposure period and inhalation of volatiles from 

showering (inhalation rates of 12 m3/day for 6 years and 20 m3/day for 24 years). The screening values 

for fish tissue were based on an ingestion rate of 54 g/day, 350 days/year for 30 years. The criteria for 

residential soil exposure are based on an age-adjusted soil ingestion rate for carcinogens (200 mg/day for 

6 years and 100 mg/day for 24 years) and childhood exposure only (200 mg/day for 6 years) for 

noncarcinogens. No distinction was made in the COC selection between employee, construction personnel, 

and future! potential residential exposures. In other words, if a chemical was selected as a COC based on 

the reside’ntial soil screening value, it was also considered for all potential receptors and exposures in order 

to simplify the risk assessment process and reduce confusion. Additional details on the calculation 

methodology are presented in Appendix F.2 

Maximum detected concentrations at each site and in each medium were compared to the risk-based COC 

screening criteria. if the maximum concentration exceeded the criterion, that chemical was retained as a 

COC for all exposure routes involving that medium. For example, if barium were retained for soil, it was 

evaluated as a COC for both ingestion and dermai exposure routes. If no detected chemical exceeded a 

criterion, that medium was dropped from further consideration. For example, if no detected chemicals in 

sediment exceeded the residential soil criteria, then sediment contact (ingestion and dermal) was not 

considered quantitatively in the risk assessment for that site. 

COCs were selected for surface soil (0 to 2 feet) and “ail soil”. “Ail soil” is a category of soil from depths 

of 0 to 10 feet which accounts for soil to which a construction worker and future residents are potentially 

exposed. if a chemical is identified as a COC for surface soil, it is automatically retained as a COC for “all 

soil.” If a compound is found only in the subsurface soil at a concentration of concern (i.e., exceeding the 

screening value), it is retained as a COC for the “all soil” category only. 

r;- 
In general, all available data from the Phase I and II Rls and additional investigations were used to identify 

COCs for a site. Site- and media-specific COC summary screening tables are provided in Appendix F.4 
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through F.16. Field screening data, unvalidated data, and analytical results qualified as rejected, R, during 

the data validation process were not considered because of their potential unreliability. COCs for 

groundwater and surface water were selected based on filtered, as well as unfiltered, sample results. For 

soil, data obtained from excavated locations, soil collected from depths greater than 10 feet, and composite 

samples were not used In the COC selection process. 

As per USEPA Region I guidance (USEPA, August 1995d), background soil concentrations, developed by 

Atlantic Environmental Services, Inc., and presented in Section 1.2.3.9, were not used to eliminate COCs. 

All soil COCs were retained to provide a complete characterization of risk. A comparison of site data to the 

established background levels is provided in each site-specific uncertainty section. 

According to the Regional guidance, risk assessments are conducted using a representative concentration 

for each COC (except when assessing exposure to groundwater, where the maximum detected 

concentration and the average plume concentration are used as exposure concentrations). The 

representative concentration is defined as the upper 95 percent confidence limit (UCL) and is calculated 

using the latest risk assessment guidance from the USEPA (USEPA, May 19929). A value of one-half the 

detection limit is substituted in the calculation for nondetected values. Because of potential problems with 

sample heterogeneity, the maximum detected concentration for field duplicate pair samples was used in the 

calculation for soil and sediment matrices at the direction of the USEPA. The average for the duplicate pair 

was employed for aqueous matrices. 

For sample sets consisting of less than 10 samples, the maximum and average concentrations were used 

as the representative concentrations since the UCL does not provide a good estimation of the upper bound 

of the mean concentration for these small data sets (USEPA, May 19929). For larger sample sets, the 

methodology used is dependent on the distribution of the sample set. For this risk assessment, the 

distribution was determined using the Shapiro-Wiik W-Test (Gilbert, 1987). When the results of the test were 

inconclusive and the distribution was regarded as undefined, maximum and average detections were used 

as exposure concentrations. 

For normally distributed data, the calculation of the representative concentration (UCL) is a two-step 

process. First the standard deviation of the sample set must be determined, as follows: 

s = [ 1 z (3 - X)2 "2 (n-1) 
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where: S = Standard deviation 

)q. = Individual sample value 

n = Number of samples 

x = Mean sample value 

The one-sided UCL on the mean is then calculated as follows: 

where: UCL = 95% Upper confidence limit of the mean 

x = Arithmetic average 

t = One-sided t distribution factor (t& 

s = Standard deviation 

n = Number of samples 

For log-normally distributed data sets, the representative concentration is calculated using the following 

equation: 

UCL = exp X + 0.5S2 + 
(n -~1i2 

where: UCL = 95% Upper confidence limit of the mean 

exp = Constant (base of the natural log, e) 

j = Mean of the transformed data 

s = Standard deviation of the transformed data 

H = H-statistic (from Gilbert, 1987; Ho.,,) 

n zz Number of samples 

This equation uses individual sample results that have been transformed by taking their natural logarithm. 

As mentioned previously, average and maximum plume concentrations were used as the representative 

concentradions for assessing risks associated with groundwater exposure. Because of the multiple rounds 

of groundwater sampling which were performed at some of the sites investigated in this RI Report, the first 

step in developing exposure concentrations for this medium was to determine an average chemical 
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concentration for each well (using the one-half detection limit for nondetected results). The maximum plume 

concentration was defined as the highest average in a single well. The average of all of the well-specific 

averages was considered to represent the average plume concentration. 

Sample calculations for the determination of the distribution of a data set, UCL, and average and maximum 

plume concentrations are provided in Appendix F.3. 

3.3.2 Toxicity Assessment 

The toxicity assessment for the COCs examines information concerning the potential human health effects 

of exposure to COCs. The goal of the toxicity assessment is to provide, for each COC, a quantitative 

estimate of the relationship between the magnitude and type of exposure and the severity or probability of 

human health effects. The toxicity values presented in this section are integrated with the exposure 

assessment (Section 3.3.3) to characterize the potential for the occurrence of adverse health effects 

(Sections 3.3.4 and the site-specific sections). 

The toxicological evaluation involves a critical review and interpretation of toxicity data from epidemiological, 

clinical, animal, and in vitro studies. This review of the data ideally determines both the nature of the health 

effects associated with a particular chemical, and the probability that a given quantity of a chemical could 

result in the referenced effect. This analysis defines the relationship between the dose received and the 

incidence of an adverse effect for the chemicals of concern. 

The entire toxicological data base is used to guide the derivation of cancer slope factors (CSFs) for 

carcinogenic effects and Reference Doses (RfDs) for noncarcinogenic effects. These data may include 

epidemiological studies, long-term animal bioassays. short-term tests, and comparisons of molecular 

structure. Data from these sources are reviewed to determine if a chemical is likely to be toxic to humans. 

Because of the lack of available human studies, however. the majority of toxicity data used to derive CSFs 

and RfDs comes from animal studies. 

For noncarcinogenic effects, the most appropriate animal model (i.e., the species most biologically similar 

to the human) is identified. Pharmacokinetic data often enter into this determination. in the absence of 

sufficient data to identify the most appropriate animal model, the most sensitive species is chosen. The RfD 

is generally derived from the most comprehensive toxicology study that characterizes the dose-response 

relationship for the critical effect of the chemical. Preference is given to studies using the exposure route 

of concern; in the absence of such data, however, an RfD for one route of exposure may be extrapolated 
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from data from a study that used a different route of exposure. Such extrapolation must take into account 

phamtacokinetic and toxicological differences between the routes of exposure. Uncertainty factors are 

applied to the highest no-observed-adverse-effect-level (NOAEL) to adjust for inter- and intraspecies 

variation, deficiencies in the toxicological data base, and use of subchronic rather than chronic animal 

studies. Additional uncertainty factors may be applied to estimate a NOAEL from a lowest-observed- 

adverse-effect-level (LOAEL) if the key study failed to determine a NOAEL When chemical-specific data are 

not sufficient, an RfD may be derived from data for a chemical with structural and toxicologic similarity. 

CSFs for weight-of-evidence Group A or B chemicals are generally derived from positive cancer studies that 

adequately identify the target organ in the test animal data and characterize the dose-response relationship. 

CSFs are derived for Group C compounds for which the data are sufficient, but are not derived for Group D 

or E chemicals. No consideration is given to similarity in the animal and human target organ(s), because 

a chemical capable of inducing cancer in any animal tissue is considered potentially carcinogenic to 

humans. IPreference is given to studies using the route of exposure of concern, in which normal physiologic 

function was not impaired, and in which exposure occurred during most of the animal’s lifetime. Exposure 

and pharmacokinetic considerations are used to estimate equivalent human doses for computation of the 

CSF. When a number of studies of similar quality are available, the data may be combined in the derivation 

of the CSF. 

Toxicological profiles for each of the COCs are presented in Appendix E. These profiles present a summary 

of the available literature on carcinogenic and noncarcinogenic effects associated with human exposure to 

the chemical. Brief summaries of the toxicity profiles for the major COCs are presented in Section 3.3.2.3. 

3.3.2.1 Carcinogenic Effects 

The toxicity information considered in the assessment of potential carcinogenic risks includes: (1) a weight- 

of-evidence classification and (2) a slope factor. The weight-of-evidence classification qualitatively describes 

the likelihood that a chemical is a human carcinogen and is based on an evaluation of the available data 

from humen and animal studies. A chemical may be placed in one of three groups in USEPA’s classification 

system to denote its potential for carcinogenic effects: 

0 Group A - known human carcinogen 

0 Group Bl or 82 - probable human carcinogen 

0 Group C - possible human carcinogen 
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Chemicals that cannot be classified as a human carcinogen because of a lack of data are placed in 
-d 

Group D, and those for which there is evidence of noncarcinogenlcity in humans are in Group E. 

The CSF is the toxicity value used to quantitatively express the carcinogenic hazard of cancer-causing 

chemicals. It is defined as the upper bound estimate of the probability of cancer incidence per unit dose 

averaged over a lifetime. Slope factors are derived from studies of carclnogenicity in humans and/or 

laboratory animals, and are typically calculated for compounds in Groups A, Bi, and 82, although some 

Group C carcinogens also have slope factors and some 82 carcinogens have none (e.g., lead). Slope 

factors are specific to a chemical and route of exposure and are expressed in units of (mg/kg/day)-’ for 

both oral and inhalation routes. Inhalation cancer toxicity values are usually expressed as inhalation unit 

risks in units of reciprocal pg/m3 (1 /pg/m3). Because cancer risk characterization requires an estimate of 

reciprocal dose in units of l/mg/kg/day, the inhalation unit risk must be converted to the mathematical 

equivalent of an inhalation cancer slope factor, or risk per unit dose (mg/kg/day). This is done by assuming 

that humans weigh 70 kg and inhale 20 m3 of air per day [i.e., the Inhalation unit risk (1/pg/m3) is divided 

by 20 m3, multiplied by 70 kg, and multiplied by 1,000 pg/mg to yield the mathematical equivalent of an 

inhalation slope factor (1 /mg/kg/day)]. CSFs for COCs at NSB-NLON are presented in Table 3-7. The 

primary sources of information for these values are the USEPA (December 19954 and USEPA Region III 

(October 1995e). 

USEPA’s database (IRIS - the Integrated Risk information System) was consulted as the primary source for 

CSF values, as well as for RfDs. The USEPA intends that IRIS supersede all other sources of toxicity 

information for risk assessment. if values are not available in IRIS, the annual Health Effects Assessment 

Summary Tables (HEAST) were consulted, as well as the current USEPA Region III Risk-Based 

Concentration table (USEPA Region III, October 1995e). if no CSF is available from any of these sources, 

carcinogenic risks are not quantified and potential exposures are. addressed in the general uncertainty 

section, Section 3.3.5. 

Cancer slope factors also exist for several (but not ail) Class C compounds, which are identified as “possible” 

human carcinogens. These compounds typically exhibit inadequate evidence of carcinogenicity in humans 

and limited evidence in animals. in this human health risk assessment, Class C compounds are evaluated 

the same as A/B1 /B2 compounds, but the risks associated with exposure to Class C compounds are also 

discussed separately if they are major risk drivers, underscoring the uncertainty associated with these 

estimations. 
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Dermal CSFs are deriied from the corresponding oral values. In the derivation of a dermal CSF, the oral 

CSF is divided by the gastrointestinal absorption efficiency to determine a CSF based on an absorbed dose 

rather than an administered dose. The oral CSF is divided by the absorption efficiency because CSFs are 

expressed as reciprocal doses. Dermal CSFs and the absorption efficiencies used in their determination are 

also included in Table 3-7. When no absorption rate is available in the literature, no adjustment is made. 

Current USEPA risk assessment guidance for PCBs (USEPA, September 1998) was used to evaluate the 

carcinogenic effects associated with exposure to PCBs. Prior to development of the USEPA guidance, risk 

assessments were conducted using a single, default CSF (7.7 kg/day/mg), which was applied to all Aroclors 

regardless of the congeners present in the chemical mixture. Because of the observed differences in 

toxicity, mobility, and interaction in environmental processes for the various PCB congeners, specific CSFs 

have been developed for representative classes of environmental PCB mixtures and different exposure 

pathways using a tiered approach. Different CSFs are presented in the current guidance for CTE and RME 

evaluation. For the purposes of this risk assessment, CSFs associated with “high risk and persistence” were 

used to assess the potential risks for exposure to PCBs in soil and sediment. CSFs associated with “low 

risk and persistence” were used to assess the potential risks for exposure to PCBs in groundwater and 

surface wader. 

Risk estimates for PAHs have, in the past, assumed that all carcinogenic PAHs have a potency equal to that 

for benzo(a)pyrene. While benzo(a)pyrene was well studied, other Class 82 PAHs had insufficient data with 

which to calculate a CSF. Recently, the USEPA published provisional guidance to assess PAHs (USEPA, 

July 1993gl). Estimated orders of potential potency (rather than a toxicity equivalence factor or TEF) were 

developed based on skin painting tests and are rounded to one significant figure (based on an order of 

magnitude). The values are based on a comparable endpoint (complete carcinogenesis after repeated 

exposure to mouse skin). The quality of the data does not support any greater precision. The orders of 

potential potency used in this health risk assessment are presented in Table 3-8 and are those proposed 

for use by the USEPA Region I (August 1994m). 

The USEPA has determined that the CSF for benzo(a)pyrene is 7.3 (mg/kg/day)-‘, and that no acceptable 

inhalation unit risk factor exists for this compound. Therefore, the guidance is applicable only to oral 

exposure. There is “no basis for judgment that benzo(a)pyrene or other PAHs will be equipotent by oral and 

inhalation routes” (USEPA, July 19939). The effects of particulates and cocarcinogens on benzo(a)pyrene 

effects in the lungs have not been addressed, thereby preventing establishment of an inhalation potency for 

benzo(a)pyrene and relative potencies for other PAHs. 
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The USEPA has determined that extrapolation of the oral cancer slope factor for benzo(a)pyrene to dermal 

exposure is not appropriate because this compound causes skin cancer through direct action at the point 

of application. It is uncertain whether the oral slope factor would be-sufficiently protective against the local 

carcinogenic effect of dermally applied benzo(a)pyrene (USEPA, undated). The same conclusion is therefore 

applied to other 82 PAHs for this risk assessment, because their cancer slope factors are based on that for 

benzo(a)pyrene. 

w 

interim toxicity equivalence factors (TEFs) have been developed to estimate the hazard and dose-response 

of complex mixtures containing chlorinated dibenzo-pdloxins (CDDs) and chlorinated dibenzofurans (CDFs), 

in addition to 2,3,7,8-TCDD, which provides the relative basis for other related compounds. USEPA’s Risk 

Assessment Forum concluded that a reasonable estimate of the risks associated with exposure to a mixture 

of CDDs and CDFs can be made by considering the distribution of CDD/CDF congeners and the likely 

relative toxicity of these compounds (USEPA, March 1989c). These values are presented in Table 3-9. 

3.3.2.2 Noncarcinogenic Effects 

For noncarcinogens, it is assumed that there exists a dose below which no adverse health effects will be 

seen. Below this “threshold” dose, exposure to a chemical can be tolerated without adverse effects. For 

noncarcinogens, a range of exposure exists that can be tolerated. Toxic effects are manifested only when 

physiologic protective mechanisms are overcome by exposures to a chemical above its threshold level. 

Maternal and developmental endpoints are considered systemic toxicity. 

The potential for noncarcinogenic health effects resulting from exposure to chemicals is assessed by 

comparing an exposure estimate (intake or dose) to a Reference Dose (RfD). The RfD is expressed in units 

of mg/kg/day, and represents a daily intake of contaminant per kilogram of body weight that is not sufficient 

to cause the threshold effect of concern. An RfD is specific to the chemical, the route of exposure, and the 

duration over which the exposure occurs. Separate RfDs are presented for ingestion and inhalation 

pathways. In particular, Reference Concentrations (RfCs) in units of mg/m3 are typically presented for the 

inhalation pathway. Because characterization of noncarcinogenic effects requires an estimate of dose in 

units of mg/kg/day, the inhalation RfC must be converted to an inhalation RfD. This is done by assuming 

that humans weigh 70 kg and inhale 20 m3 of air per day [i.e., the inhalation RfC (mg/m3) is multiplied by 

20 m3/day and divided by 70 kg to yield an inhalation RfD (mg/kg/day)]. 

To derive an RfD, the USEPA reviews all relevant human and animal studies for each compound and selects 

the study (studies) pertinent to the derivation of the specific RfD. Each study is evaluated to determine the 
r9 
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no-observed-adverse-effect-level (NOAEL) or, if the data are inadequate for such a determination, the lowest- 

observed-adverse-effect-level (LOAEL). The NOAEL corresponds to the dose (in mg/kg/day) that can be 

administered over a lifetime without inducing observable adverse effects. The LOAEL corresponds to the 

lowest dalily dose that induces an observable adverse effect. The toxic effect characterized by the LOAEL 

is referred to as the ‘critical effect”. To deriie an WD, the NOAEL (or LOAEL) is divided by uncertainty 

factors to ensure that the RfD will be protective of human health. Uncertainty factors are applied to account 

for (1) extrapolation of data from laboratory animals to humans (interspecies extrapolation), (2) variation in 

human sensitivii to the toxic effects of a compound (intraspecies differences), (3) derivation of a chronic 

RfD based on a subchronic rather than a chronic study, and/or (4) derivation of an RfD from the LOAEL 

rather than the NOAEL In addition to these uncertainty factors, modifying factors between 1 and 10 may 

be applied to reflect additional qualitative considerations In evaluating the data. For most compounds, the 

modifying1 factor is one. 

A dermal RfD is developed from an oral RfD by multiplying by the gastrointestinal tract absorption factor. 

The resulting dermal RfD is, therefore, based on absorbed dose, which is what is calculated by the dermal 

exposure algorithms. 

“==, 

Reference Doses for the COCs at NSB-NLON are presented in Table 3-10. The primary source of these 

values is the IRIS database, followed by other USEPA sources described for the carcinogens. This table 

also incluldes the primary target organs affected by a particular chemical. This information may be used in 

the Risk Characterization section to segregate risks by target organ effects, unless the total Hazard Index 

is below unity. This ensures that “risks” are not overestimated when different compounds affect different 

target organs. 

3.3.2.3 Toxicity Summaries for Major Chemicals of Concern 

This section contains brief summaries of the toxicological profiles for the major COCs. The detailed profiles 

are contained in Appendix E. 

PAHs. Benzo(a)pyrene is the most widely studied chemical in this class. It is used as the basis for defining 

the toxicity of other potentially carcinogenic PAHs. Benzo(a)pyrene is widely distributed in the tissues of 

treated rats and mice, but is primarily found in tissues high in fat. While the carcinogenicity of complex 

mixtures containing PAHs (such as coal tar, coke oven emissions, and cigarette smoke) is suggested, the 

carcinogenicity cannot be attributed solely to PAHs. The carcinogenicity of benzo(a)pyrene is based largely 

, 
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on the results of animal studies In which the animals were exposed to large doses of purified compound via 

unnatural routes of exposure. 
-4 

The noncarclnogenic PAHs appear to affect the liver, kidneys, and blood of exposed laboratory animals. 

Exposure routes considered include ingestion and inhalation, and exposure has resulted in anemia and mild 

liver lesions and occasionally renal disease. The effects vary for the individual compounds. 

jXYJ. The production and sale of DDT in the United States was canceled in 1972. DDT concentrates In fatty 

tissues, and is slowly eliminated. DDT degrades in the body to DDE and DDD. Acute exposure to DDT 

affects the central nervous system, resulting in tremors, headache, and nausea. No evidence has been 

presented that DDT has caused cancer in persons handling or spraying DDT, however, the USEPA has 

classified 4,4’-DDT as a 82 carcinogen. 

Arsenic. Organic and inorganic arsenic compounds are almost completely absorbed upon ingestion. 

Arsenic is distributed to the liver, kidneys, and lungs, then redistributed to the hair, nails, teeth, bone, and 

skin. Acute oral exposure to arsenic causes liver swelling, skin lesions, and neurological effects. The only 

noncarcinogenic effects clearly attributable to chronic oral exposure are dermal hyperpigmentation and 

keratosis. Inhalation of arsenic causes lung cancer, and the USEPA has classlfled arsenic as a Class A 

carcinogen via this route of exposure. Oral exposure to high concentrations in water is associated with an 

increased risk of skin cancer, which is not generally lethal. 

=4 

Beryllium. Beryllium is poorly absorbed from the gastrointestinal tract, and therefore has low toxicity upon 

oral exposure. Occupational exposure has resulted in dermatitis and berylliosis (acute pulmonary 

granulomatosis). Inhalation exposure and intratracheal instillation have caused lung tumors in rats and 

monkeys, and therefore the USEPA classifies beryllium as a 82 carcinogen. The oral studies have yielded 

inconclusive results. 

Lead. Lead is efficiently absorbed by children. The fate of lead in the body depends in part on the amount 

and rate of previous exposures, the age of the receptor, and the rate of exposure. The principal effects of 

acute oral exposure are colic, anemia, and in severe cases, acute encephalopathy (particularly in children). 

Long term exposure may result in neurological and hematological effects. Some of the effects on the blood 

and subtle neurobehavioral changes in children occur at levels so low as to be considered nonthreshold 

effects. Rat and mouse studies have shown increases in renal tumors, but the human studies have yielded 

inconclusive results that failed to account for the presence of other potentially carcinogenic materials. The 

USEPA has classified lead as a B2 carcinogen based on the animal evidence. 
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Mawane=. Manganese is considered to be an essential human nutrient, but exposure to high 

concentrations can cause lethargy and other neurological effects. Inhalation of manganese results in 

respiratory symptoms and psychomotor disturbances in occupationally exposed individuals. Manganese 

is considered in cancer weight-of-evidence Group D. 

3.3.2.4 Other Health-Based Criteria 

This section contains other health-based criieria for the identified COCs at NSB-NLON. Currently, the only 

enforceable Federal regulatory standards for exposures to groundwater contamination are the Maximum 

Contaminant Levels (MCLs). However, MCLs have not been specified for all COCs; therefore regulatory 

guidelines may be used for comparative purposes to infer health risks. Relevant regulatory guidelines 

include thle AWQC, Maximum Contaminant Level Goals (MCLGs), and Health Advisories. For water, 

Table 3-4 contains a summary of these other health-based criteria for the COCs and other detected 

chemicals at NSB-NLON. 

Maximum1 Contaminant Levels (MCLs). MCLs are enforceable standards promulgated under the Safe 

Drinking Water Act and are designed for the protection of human health. MCLs are based on laboratory or 

epidemiological studies and apply to drinking water supplies consumed by a minimum of 25 persons. They 

are designed for prevention of human health effects associated with lifetime exposure (70 years) of an 

average adult (weighing 70 kg) who consumes 2 liters of water per day, but they also reflect the technical 

feasibility of removing the contaminant from the water. These enforceable standards also reflect the fraction 

of toxicant expected to be absorbed by the gastrointestinal tract. 

Maximum Contaminant Level Goals (MCLGs). MCLGs are specified as zero for carcinogenic chemicals, 

based on the assumption of nonthreshold toxicity, and do not consider either the technical or economic 

feasibility of achieving these goals. Non-zero MCLGs that are below the MCLs are nonenforceable 

guidelines based entirely on health effects. The MCI-s are set as close to the MCLGs as is considered 

technically and economically feasible. 

Ambient Water Qualitv Criteria (AWQC). AWQC are not enforceable Federal regulatory guidelines, and 

are of primary utility in the potential for toxic effects in aquatic organisms. They may also be used to identify 

the potential for human health risks. AWQC consider the acute and chronic toxic effects in both freshwater 

and saltwater aquatic life, and the adverse human health effects from ingestion of both water (2 liters per 

day) and aLquatic organisms (6.5 grams per day) and from ingestion of organisms alone. This human health 

risk assessment will focus on the ingestion criteria. 
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The State of Connecticut has promulgated water quality standards as well. These standards are intended 

to protect high quality waters from degradation from waste discharges. The groundwater and surface water 

standards are limited to general criteria such as pH, dissolved oxygen, etc. There are additional water 

quality criteria for surface waters, similar to the Federal AWQC, which are the focus of this risk assessment. 

Health Advisories. Health advisories are guidelines developed by the USEPA Office of Drinking Water for 

nonregulated contaminants in drinking water. These guidelines are designed to consider both acute and 

chronic toxic effects in children (assumed to weigh 10 kg) who consume 1 liter of water per day, or in adults 

(assumed to weigh 70 kg) who consume 2 liters of water per day. Health advisories are generally available 

for acute (1 day), subchronic (10 days), and chronic (longer term or lifetime) exposure scenarios. These 

guidelines are designed to consider only threshold effects and, as such, are not used to set acceptable 

levels of known or probable human carcinogens. Table 3-11 contains a summary of the health advisories 

for COCs only. 

In addition to the Federal and State water criteria described above, the State of Connecticut has adopted 

remediation standards (CTDEP, January 1996). These regulations are intended to define minimum 

remediation performance standards. Table 3-5 contains a summary of the proposed Connecticut 

remediation standards for the COCs, as well as other chemicals detected at NSB-NLON. 

Soil remediation standards were developed to protect human health and the environment from direct 

exposure and to protect groundwater quality from mobile pollutants. The direct exposure criteria include 

both residential and industrial/commercial scenarios, while the groundwater protection criteria are available 

for GA/GM and GB groundwaters. 

Groundwater remediation goals for GA or GAA areas are based on the goal of restoration to natural quallty, 

while in GB areas, the goal is to attain or maintain water quality that does not interfere with its designated 

uses. Groundwater at most sites at NSB-NLON are classified with a GA designation. 

Other health based criteria for air are presented in Table 3-6. Threshold Limit Values (TLVs), which are 

occupational standards set by the American Conference of Governmental Industrial Hygienists (AGGIH), are 

included. Connecticut remediation standards for indoor air are also presented for residential and industrial 

land use. 
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3.3.3 Exposure Assessment 

The exposure assessment defines and evaluates the exposures experienced by a receptor population, In 

order to have an exposure, several factors must be present, first, there must be a source of contamination; 

second, there must be a mechanism through which a receptor can come into contact with the contaminants 

in that medium; and third, there must actually (or potentially) be a receptor present at the point of contact. 

The exposure assessment presented in this section of the report consists of several sections that 

characterize the physical site setting and the receptors of concern, identify the potential contaminant 

migration and exposure pathways, define the contaminant concentrations at the point of exposure, and 

present the equations used to quantify exposure in terms of contaminant intake (dose). Appendix F.3 of 

this report contains sample calculations for the exposure assessment. Tables of intakes are not presented 

in the body of the report, but the calculated values may be seen within the site-specific spreadsheets in 

Appendices F.4 through F.16. 

3.3.3.1 Exposure Setting 

This section contains information on the land use and receptor characteristics in the area surrounding NSB- 

NLON. 

Land Use. NSB-NLON is a base command for naval submarine activities in the Atlantic Ocean. The base 

includes housing for Navy personnel and their families; submarine training facilities; military offices; medical 

facilities; aLnd facilities used for the maintenance, repair, and overhaul of submarines. 

Land use iadjacent to the base includes both residential and commercial properties. Residential areas are 

found along Military Highway, Sleepy Hollow, Long Cove Road, and Pinelock Drive which border the site 

on the north and extend into the Gales Ferry section of Ledyard. Property along Route 12 east of the site 

consists of widely-spaced private homes and undeveloped woodlands. Farther south on Route 12, 

development is mixed commercial and residential, and includes a church, automobile sales and repair 

facilities, convenience stores, restaurants, and a gas station. Private residences and an automobile service 

station are located on the south side of Crystal Lake Road, which forms the southern boundary of the base. 

Additional military housing is located farther south in the Bailey Hill area. 

Exposed Populations. NSB-NLON is considered to lie within the boundaries of Groton and Ledyard, which 

contained a total population of 45,144 in the 1990 census (Atlantic, August 1992). Adjacent communities 
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to the base include Northwest (located east of Route 12; population 5520 In 1988), Pleasant Valley (located 

south of the base; population 4374 in 1980) and the base itself (population 4899 in 1988). The community 

of Gales Ferry in Ledyard bounds the base on the north (population 7882 in 1988). A detailed assessment 

of the types of activities that currently occur and those that are planned was presented In Appendix E of the 

Phase I RI Report (Atlantic, August 1992). 

3.3.3.2 Conceptual Site Model 

This section discusses the general conceptual site model for the sites at NSB-NLON. A conceptual site 

model facilitates consistent and comprehensive evaluation of the risks to human and ecological health by 

creating a framework for identifying the paths by which human health may be impacted by contaminants 

predicted to exist at the source areas. A conceptual site model depicts the relationships between the 

elements necessary to construct a complete exposure pathway, as follows: 

0 Sources and potential COCs 

0 Contaminant release mechanisms 

l Contaminant transport pathways 

0 Exposure mechanisms and exposure routes 

0 Receptors 

Two simple conceptual site models were developed for all source areas to provide the basis for identifying 

the potential risks to human health and the environment. One model was developed for sites at which the 

source is at the ground surface (Figure 3-l), and the second model considers sites at which the wastes were 

initially emplaced (either intentionally or unintentionally) in the subsurface (Figure 3-2). These models 

consider the current operating conditions of the facilities and the actual or potential receptors who could 

come into contact with the COCs. 

The conceptual site models first consider the sources assumed to be available, either currently or in the 

future. At these sites, the sources are the wastes disposed of at these facilities or the contaminated soil 

resulting from onsite activities. Contaminants may be released from these sources by mechanisms such 

as wind or water erosion, or leaching to the subsurface. Once released from the source, contaminants are 

transported in media such as air, surface water, or groundwater. Receptors may be exposed either directly 

or indirectly to contaminants in these media via a variety of mechanisms. The exposure mechanisms 

considered include routine domestic activities, working outdoors, etc. These exposure mechanisms 

generally act along one or more exposure routes such as ingestion, inhalation, or direct dermal contact. 
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The conceptual site models also indicate those exposure routes that are carried through the quantitative risk 

assessment for each receptor. An objective of the development of the conceptual site model is to focus 

attention on those pathways that contribute the most to the potential impacts on human health and the 

environment, and to provide the rationale for screening out other exposure pathways that are minor 

components of the overall risk. 

Sources Iof Contamination. Each site has its own source of contamination (e.g., wastes disposed in a 

landfill or materials stored on the ground surface). The following sites are considered to have potential 

subsurface sources: 

0 Area A Landfill (Site 2) 

0 Rubble Fill at Bunker A86 (Site 4) 

0 Torpedo Shops (Site 7) 

0 Goss Cove Landfill (Site 8) 

0 Lower Subase 

0 OBDANE (Site 14) 

0 Spent Acid Storage and Disposal Area (Site 15) 

However, it should be noted that these sites may also have localized surface sources of contamination, as 

well as subsurface sources. 

The following sites are considered to have potential surficial sources of contamination: 

0 CBU Drum Storage Area (Site 1) 

0 Area A Wetland (Site 2) 

0 Area A Downstream Watercourses and OBDA (Site 3) 

l Area A Weapons Center (Site 20) 

0 DRMO (Site 6) 

- f 

The Thames River, which is considered the final site under investigation in this report, receives both surface 

and subsurface discharges from all of these sites. This site is considered to be unique and not an actual 

source of contamination. In addition, the Area A Downstream Watercourses (Site 3) receive runoff from 

several sites. Although pesticide bricks placed at the Downstream Watercourses serve as a potential sutficial 

source of contamination, contamination found at this site may also be attributable to runoff from other 

surrounding sites. 
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Ultimately, these sources have the potential to release chemicals to the surface and/or subsurface soil. This 
‘cll 

soil then serves as a secondary source of contamination. 

Contaminant Release and Migration Mechanisms. Chemicals may be released from the sites by a variety 

of mechanisms including stormwater runoff and subsequent erosion of surface soil, infiltration of soluble 

chemicals and subsequent migration through the subsurface soil to the water table where they may migrate 

downgradient, and via wind erosion of surface soil from unpaved areas. 

Storms generate runoff, which is directed toward stormwater drainageways. initially, this water may move 

across a site as sheet flow, which can entrain loose soil material. This soil is moved from the site as a 

sediment, and will be deposited where the flow velocity diminishes below that needed to carry a particular 

grain size. Typically at sites in undeveloped areas, this soil/sediment is deposited in small drainageways, 

and migrates further downstream with each new storm, which also adds new material. 

Soluble chemicals released to the ground surface may also migrate downward through.the soil column with 

infiltrating precipitation. The migration of these chemicals may be somewhat impeded by the chemical’s 

tendency to bind to soil organic material. Eventually, these soluble chemicals may reach the water table. 

Once in the groundwater, they continue their migration via dispersion and advection in the downgradient 

direction. Eventually, these chemicals may discharge with the groundwater to a surface water body (lake, 

stream, or wetland). 

Chemicals adsorbed to surface soil may also be released from a site via wind erosion of loose soil material. 

These particulates are carried downwind and potentially off site if the grain size is small enough and the wind 

velocity is great enough. Additionally, chemicals may also be released from soil via volatilization. 

3.3.3.3 Potential Routes of Exposure 

A receptor can come into contact with contaminants in a variety of ways, which are generally the result of 

interactions between a receptor’s behavior or lifestyle and an exposure medium. This assessment defines 

an exposure route as a stylized description of the behavior that brings a receptor into contact with a 

contaminated medium. 

Air. This pathway is based on the scenario that a receptor is immersed in air that contains suspended 

particulates and volatile organic vapors originating from the source areas as part of daily living. Subsequent 

exposure of the receptor occurs upon inhalation of the ambient air. 
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Inltiaiiy, a qualitative comparison of maximum detected soil concentrations and USEPA Soil Screening Levels 

(SSLs) based on interrnedia transfer (from soil to air) was performed to determine if additional quantitative 

analysis of this potential exposure pathway was warranted. The SSLs are based on residential land use and 

lifetime exposure scenarios and are therefore relatively conservative values for potential receptors under 

current land use conditions. Exposures to fugitive dust and volatile organic compounds released from soil 

(surface soil and “ail soil”) were found to be relatively insignificant based on the qualitative screening, which 

is summarized in the site specific COC screening tables (Appendix F,4 through F.16). if maximum chemical 

detections in soil were less than the SSLs, the inhalation exposure pathway was generally not considered 

for further evaluation. A discussion of the inhalation pathway, as it pertains to each site, is provided in the 

site-specific exposure assessments in Sections 5.0 through 17.0. 

Direct Colntact with Soil/Sediment. Receptors may come into direct contact with soil affected by the 

release of chemicals from the source areas. During the receptor’s period of contact, the individual may be 

exposed via inadvertent ingestion of a small amount of soil or via dermai absorption of certain contaminants 

from the soil. 

Because of the limited guidance available to estimate exposure to soil via dermai contact, a quantitative 

evaluation of dermai risks is provided for cadmium, dioxins, and PCBs only. Current dermai guidance 

(USEPA, Jfanuary 1992) was used to quantitatively assess the potential risks associated with these chemicals. 

Dermai contact with other chemicals detected in the site soils may or may not result in a significant 

exposure. in general, PAHs and metals, which were detected frequently in the soil samples and selected 

as COCs, tend to strongly adhere to organic matter in soil. For these chemicals to be percutaneously 

absorbed, they must first desorb from soil and diffuse through the skin. Various factors affect the rate of 

dermal absorption, including the amount of soil on the skin surface, soil characteristics (moisture, pH, 

organic carbon content, etc.), skin characteristics (thickness, temperature, hydration, etc.), volatilization 

losses, as well as chemical-specific properties. 

Direct Cmtact with Groundwater. It is possible that an excavation (for construction, utility maintenance, 

etc.) could be deep enough to come into contact with the shallow groundwater. In such an instance, 

workers could be exposed to the groundwater via dermal contact. in addition, it has been assumed (at the 

direction of USEPA) that some sites could be developed for future residential land use. Household use of 

groundwater was evaluated for these sites unless site-specific conditions (e.g., saline water quality near the 

Thames River) would prevent its use. Under the potential groundwater use scenario, direct dermal contact 

with groundwater, groundwater ingestion, and inhalation of volatiies could occur during routine exposure. 
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Exposure to groundwater is evaluated for the adult future resident. Exposures for child residents are 
+rrr” 

presumed to be a lesser magnitude. 

Current USEPA Region I guidance (USEPA, August 1995d) was used to assess the human health risks 

associated with exposure to voiatiies in groundwater used for domestic purposes (i.e., showering, bathing, 

cooking, washing, etc.). This exposure pathway was evaluated in a qualitative fashion by assuming that the 

dose from inhalation of volatile compounds in potable water is equal to that from direct ingestion. 

Calculated chemical-specific risks for voiatiies organics via ingestion are essentially multiplied by a factor 

of two to account for ingestion and inhalation exposures. 

Direct Contact with Surface Water. Receptors may also come into direct contact with surface water 

containing chemicals in a dissolved phase. in most cases, this exposure would be of short duration (unless 

swimming or waterskiing are involved), and individuals may be exposed via dermai contact and/or incidental 

ingestion. Swimming was considered a potential exposure route for North Lake (evaluated as part of Area A 

Downstream). Water skiing was considered for the Thames River. 

ingestion of Shellfish. Finally, persons could be exposed to potentially site related contaminants when 

ingesting shellfish and finfish harvested from the Thames River. it was assumed that local residents 

consume shellfish and finfish collected in the vicinity of the site. Harvesting of shellfish is actually controlled 

by commercial interests that move the shellfish to depuration beds in other water bodies prior to sale and 

combine them with shellfish taken from other water bodies. Therefore, evaluation of shellfish under this 

exposure scenario is considered to be highly conservative. 

-- 
-4 

3.3.3.4 Potential Receptors 

Several potential receptors have been identified under both current and future land use conditions. These 

receptors were identified by analyzing the interaction of current land use practices and the identified sources 

of contamination. 

Several receptor groups have been defined for this risk assessment. The original receptors identified in the 

Work Plan (Atlantic, May 1993) have been modified to conform to current guidance, to provide some 

consistency between sites, to focus the assessment on potentially meaningful exposures, and, in general, 

to streamline the risk assessment process. These receptors are as follows: 
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Full-time employees - Adult military or civilian personnel assigned to work 40 hours/week at a 

particular facility. 

Construction workers - Adult civilian personnel who may be involved in a short-term, one-time 

construction project at a site. 

Older child trespassers (from ages 6 to 16) - Older children and teenagers (civilians or family of 

military personnel) trespassing on or near a site while exploring, playing, etc. 

Adult recreational users - Civilian or military personnel involved in recreational activities such as 

swimming or waterskiing (North Lake and Thames River). Also includes local residents or 

military persons who may consume locally harvested shellfish and finfish from the Thames River. 

Child recreational users - Dependent children of military personnel who may swim at North Lake. 

Future residents - Persons (adults and children) residing at a site assuming that the facility is 

closed and developed for residential purposes. 

One or more of these receptor groups are evaluated quantitatively for each of the sites under investigation 

in this report. Table 3-12 contains a matrix summary of the particular combinations of receptor groups 

developed with the aide of information presented in the Phase I RI report. 

Adult recreational users only are evaluated for ingestion of finfish/sheiifish. Exposure and associated risks 

for adult and child receptors are assumed to be similar (USEPA, May 1989d and September 19899). 

Although child recreational users may also be exposed to finfish/sheiifish, by convention, the evaluation of 

the child receptor is not warranted because the risks for this receptor are considered to be adequately 

addressed by assessing exposure for adult recreational users. Studies indicate that adult receptors typically 

eat more fish than children. However, overall exposure and potential risks for both receptors are expected 

to be comparable since differences in body weights for adults and children compensate for the differences 

in consumption rates. 

Future adult and child resident receptors have been included in the baseline human health risk assessment 

at the direction of the USEPA. These receptors are not potential receptors under current land use and are 

included only to provide an indication of potential risks if the facility were to close and then developed for 

residential use. Although enlisted and officer personnel reside at the base under current conditions, the 
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residential scenario is not applicable for these receptors since (1) they do not reside in the areas of 

investigation and (2) they are assigned to the base for a relatively short period of time (e.g., three or so 

years). A future residential scenario is also considered unlikely given the critical nature of the facility with 

respect to support of the submarine fleet and national defense. 

=* 

Two variations of each receptor are considered, as per USEPA Region I guidance. The first is identified as 

a central tendency exposure (CTE) receptor, which is developed using both regional guidance (USEPA 

Region I, August 1994m) and professional judgment regarding site-specific conditions. The second class 

of receptor is called the reasonable maximum exposure (RME), and was developed as per USEPA guidance 

(USEPA, December 1989f: USEPA Region I, August 1994m). 

3.3.3.5 Exposure Pathways 

An exposure pathway is considered to be complete if it is determined that there is (1) a source or release 

of chemicals from a source; (2) an exposure point where contact can occur; and (3) an exposure route by 

which contaminants are taken into the human body. This section summarizes the potentially complete 

exposure pathways that are quantitatively evaluated in the risk assessment and provides the rationale for 

those pathways that are not. Table 3-13 presents a summary of the potentially complete and incomplete 

exposure pathways and receptors. 

3.3.3.6 Quantification of Exposure 

Estimates of exposure are based on the contaminant concentrations at the exposure points and on scenario- 

specific assumptions and intake parameters. The models and equations used to quantify intakes are 

described in this section and have been obtained from a variety of USEPA guidance documents which are 

cited in the specific intake estimation sections that follow. 

Exposures are dependent on the predicted concentrations of chemicals in environmental media and local 

land use practices, and both are subject to change over time. This results in a large number of possible 

combinations of receptors, media, exposure pathways, and concentrations. As mentioned previously, 

Table 3-13 presented a summary of the exposure pathways to be evaluated in the quantitative risk 

assessment. Some of these scenarios (such as occupational, trespassing, and recreational scenarios) may 

be applicable under both current and future land use conditions. 
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Exposure model parameters are presented in Tables 3-l 4,3-l 5, and 3-16 for trespassers and potential future 

residents, workers, and recreational users, respectively. The parameters are based on those presented in 

the Work Plan (Atlantic, May 1993), but have been modified to be in conformance with current USEPA 

guidance. All parameters are referenced in footnotes on each table. These parameters are used in the 

equations presented in this section, along with the exposure point concentrations presented in the 

site-specific sections, to calculate intakes, which will be used to determine risks. individual chemical intakes 

for each ireceptor/exposure route combination are presented in the spreadsheets in Appendices F.4 

through F..16. 

Air Exposure Via inhalation. The amount of a chemical a receptor takes in as a result of respiration is 

determined using the concentration of the contaminant in air. intakes of both particuiates and vapors/gases 

are calculated using the same equation, as follows (USEPA, December 1989f): 

where: Intakeai 

%i 

IR 

ET 

EF 

ED 

BW 

AT 

= intake of chemical “i” from air (PM10 or vapor) inhalation (mg/kg/day) 

= concentration of chemical “i” in PM10 fraction or air (mg/m3) 

= inhalation rate (m3/hr) 

= exposure time (hours/day) 

= exposure frequency (days/yr) 

= exposure duration (yr) 

= body weight (kg) 

= averaging time (days); 

for noncarcinogens, AT = ED*365 days/yr; 

for carcinogens, AT = 70yr*365 days/yr 

The concentrations of chemicals in air were developed using PM10 modeling completed in the Phase I RI 

(Atlantic, August 1992). The air concentration term (C,i) is calculated by multiplying the PM10 fraction in 

air by the chemical concentration in the soil. The following conversion factors were used in the Phase I RI 

(Atlantic, August 1992): 

0 For activities involving construction - 9E-8 mg/m3. 

l For onsite exposures, no soil disturbance - 1.8E-8 mg/m3. 
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Exposure times range from two hours/day for the CTE older child trespasser to 24 hours/day for RME 

potential future residents. Exposure frequencies range from 52 days/year for a CTE trespasser to 

350 days/year for the RME potential future resident. All exposure factors for the identified receptor groups 

are outlined in Tabfes 3-14 through 3-16. 

As mentioned previously, the inhalation exposure pathway is not evaluated for ail sites. A qualitative 

evaluation of exposure to air only is provided for those sites where exposure is expected to be minimal (i.e., 

where maximum soil detections were less than USEPA SSLs for transfers from soil to air). 

incidental Ingestion of Soil/Sediment. The estimation of intake of contaminants in soil (and sediment) is 

determined using the predicted concentration of a contaminant in the location of interest. This pathway is 

evaluated for both child and adult receptors. Age-adjusted ingestion factors are used to estimate intakes 

for future residents because of the higher ingestion rate experienced by small children. in general, intakes 

associated with soil ingestion are calculated using the following equation: 

Intakesi = (c,i)(IR)(N)(fF)(fD)(CF)I(BW)(AT) 

where: intake,, 

‘s-i 

IR 

FI 

EF 

ED 

CF 

BW 

AT 

intake of contaminant “i” from soil or sediment (mg/kg/day) 

concentration of contaminant Y” in soil or sediment (mg/kg) 

ingestion rate (mg/day) 

fraction ingested from contaminated source (decimal fraction) 

exposure frequency (days/yr) 

exposure duration (yr) 

conversion factor (1 O4 kg/mg) 

body weight (kg) 

averaging time (days); 

for noncarcinogens. AT = ED*365 days/yr; 

for carcinogens, AT = 70 yr*365 days/yr 

-w 

For adults not involved in construction activities and older children, ingestion rates are considered to range 

from 50 mg/day (adults under CTE conditions) to 200 mg/day (potential future child residents for the RME). 

Ingestion rates of 460 mg/day (RME) (USEPA, March 25, 1991 e) and 240 mg/day (CTE) are considered for 

construction personnel. Exposure frequencies range from 1 day/year for the CTE utility worker to 250 

days/year for the RME full-time employee. Values of 1 .O for the RME and 0.5 for the CTE are used for the 

fraction of soil/sediment from the contaminated source ingested by a potential receptor. =d 
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Dermal Contact with Soil/Sediment. The estimation of intake of a contaminant in soil (and sediment) via 

absorption through the skin is determined using the predicted concentration in the soil at the location of 

concern. Evaluation of the dermal absorption pathway is performed for both child and adult receptors. As 

with soil ingestion, age-adjusted contact rates are employed for potential future residents. Dermal 

absorption from potentially contaminated areas is calculated using the following equation: 

Intakesi = (C~i)(SA)cAF)cA~S)(f~)(C~)(~~)(~~) / (BW)@T) 

where: Intakesi 

%.i 

SA 

AF 

ABS 

Fd 

CF 

EF 

ED 

BW 

AT 

amount of chemical Y’ absorbed during contact with soil/sediment 

O’WWW 

concentration of chemical “i” in soil/sediment (mg/kg) 

skin surface area available for contact (cm2/day) 

skin adherence factor (mg/cm2) 

absorption factor (decimal fraction) 

Fraction available for contact from contaminated source (decimal 

fraction) 

conversion factor (10” kg/mg) 

exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); 

for noncarcinogens. AT = ED*365 day.s/yr; 

for carcinogens, AT = 70 yr*365 days/yr 

Dermal contact with soil by potential receptors is assumed to occur at the same exposure frequency as soil 

ingestion. Exposed surface areas of 19 percent of the total body surface area (to account for forearms, 

head, and hands) for the adults and 30 percent of the total body surface area (to account for forearms, 

head, hands, and feet) for the children were selected based on default clothing scenarios expressed in the 

USEPA dermal exposure guidance (USEPA, August 1992h). Soil adherence factors were selected from the 

published range of 0.2 to 1 .O mg/cm2 (USEPA, January 1992d). Values of 1 .O (RME) and 0.5 (CTE) were 

used for the fraction of soil/sediment available for contact from the contaminated source. 

As discussed previously, intakes for dermal contact with soil and sediment were quantified for cadmium, 

PCBs, and dioxins only because of limited guidance. Absorption factors presented in current dermal 

guidance (USEPA, January 1992d) were used to assess exposure to these chemicals. 
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Dermal Contact with Groundwater/Sutface Water. Because the groundwater and surface waters at the 
* 

base are not used for potable supplies, only limited exposure scenarios are considered under current site 

conditions. However, potential future residents are evaluated for future land use at some sites. These 

receptors are assumed to use groundwater for domestic purposes (i.e., bathing, showering, washing dishes). 

This scenario assumes that a residential development is constructed on the site and potable wells are 

installed. It is also possible under future land use conditions that deep excavations at the base for activities 

such as utility maintenance and construction could result in a dermal exposure to the shallow groundwater 

(that contained in the overburden). Dermal contact with surface waters may also occur while receptors are 

involved in certain activities, such as swimming in North Lake, exploring in areas such as the Area A 

Wetland, or waterskiing in the Thames River. 

The following equation will be used to assess exposures resulting from dermal contact with water (USEPA, 

January 1992d): 

where: DADwi 

V3W”t 

EV 

ED 

EF 

A 

BW 

AT 

= dermally absorbed dose of chemical 7” from water (mg/kg/day) 

= absorbed dose per event (mg/cm2-event) 

= event frequency (events/day) 

= exposure duration (yr) 

= exposure frequency (days/yr) 

= skin surface area available for contact (cm2) 

= body weight (kg) 

= averaging time (days); 

for noncarcinogens, AT = ED*365 days/yr; 

for carcinogens, AT = 70yP365 days/yr 

The absorbed dose per event (DA*,,,,) is estimated using a nonsteady-state approach for organic 

compounds and a more traditional steady-state approach for inorganics. For organics, the following 

equations apply: 
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where: tevent = 

t* = 

Kp 7 

C wi = 

T = 

n = constant (unitless; equal to 3.141592654) 

CF = conversion factor (1 O9 L/cm3) 

B = partitioning constant derived by Bunge Model (dimensionless) 

duration of event (hr/event) 

time it takes to reach steady-state conditions (hr) 

permeability coefficient from water through skin (cm/hr) 

concentration of chemical “i” in water (mg/L) 

lag time (hr) 

Values for the chemical-specific parameters (tevent, t*, K,,, T, and B) were obtained from the current dermal 

guidance. If no published values are available for a particular organic compound, they were calculated using 

equations provided in the cited guidance. Details regarding the procedures used to deriie the constants, 

as well as sample calculations, are provided in Appendix F.3. 

The following nonsteady-state equation is used to estimate DAevent for inorganics: 

w3vent = ($1 fcwi) (Lend 

In general, the recommended default value of lE-3 was used for inorganic constituents. 

Potential future residents are assumed to be exposed to groundwater 350 days/year for the RME and 

234 days/year for the CTE at exposure durations ranging from 9 years to 30 years. Whole body contact 

is assumsed for future residents. Groundwater exposure times for adult construction workers are 

8 hours/day for 120 days/year for the RME and 80 days/year for the CTE. The exposure duration for this 

receptor vvas set at 1 year. Construction workers exposed to groundwater are assumed to be exposed only 

on their fcrearms and hands, for a total area of 3800 cm2. For trespassers, surface water dermal exposures 

are evaluated as 2 to 4 hours per day for 52 to 120 days/year. Receptors involved in recreational activities 

(swimminIg/waterskiing) are assumed to experience whole body exposure, for a total surface area of 

20000 cm2 for adults and 6980 cm2 for small children. Children are assumed to swim in North Lake at a 

frequency of 55 days/year (11 weeks/year, 5 days/week), while adult swimmers are assumed to be exposed 

for 22 days/year. Waterskiing exposure frequencies for the adult receptor were set at 16 days/year (RME) 

and 8 days/year (CTE). 

Incidental Ingestion of Groundwater/Surface Water. Potential future residents (adults and children) may 

be exposisd to groundwater via direct ingestion. Direct contact with surface waters while swimming or 
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exploring could also result in the inadvertent ingestion of small amounts of water. Trespassers and small 

children swimming at North Lake are the most likely receptors for Incidental ingestion of surface water. Their 

exposures are evaluated using. the following equations (USEPA, December 1989f): 

hfake,i = (Cwi ) (IR ) (f F) (ED ) / (B W) (AT) for groundwater 

Intake,i = (Cwi)(CR)(ET)(EF)(fD) / (BW)(AT) for surface water 

where: Intakewi 

C wi 

IR 

CR 

ET 

EF 

ED 

BW 

AT 

intake of chemical ‘i” from water (mg/kg/day) 

concentration of chemical ‘i” in water (mg/L) 

ingestion rate for groundwater (L/day) 

contact rate for surface water (L/hr) 

exposure time for surface water (hr/day) 

exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT = ED*385 days/yr; 

for carcinogens, AT=70 yr*385 days/yr 

Exposure times, frequencies, and durations are the same as described above for dermal contact. Ingestion 

rates for potential future residents are 1.4 L/day (CTE) and 2 L/day (RME). The ingestion rate for child 

recreational users and trespassers exposed to surface water was set at 0.05 L/hr (USEPA, Region I, 

June 1989e). 

Inhalation of Volatiles in Groundwater. As discussed previously, exposure to volatiles in groundwater used 

for domestic purposes is addressed by assuming that the dose from inhalation is equal to the estimated 

dose for ingestion of volatiles. This approach was used at the direction of the USEPA (August 1995d). 

Ingestion of Shellfish/Finfish. Indirect chemical exposure may also occur via the ingestion of shellfish or 

finfish harvested from the Thames River. It is possible, though unlikely, that local residents could be 

exposed to shellfish from this area, although all harvesting is supposedly controlled by commercial concerns 

which remove the shellfish to offsite depuration beds, where they are combined with shellfish from other 

areas, prior to sale. The following model will be used to assess potential exposures resulting from ingestion 

of shellfish and finfish from the Thames River (USEPA, December 1989f): 
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= intake of chemical .l” from shellfish/finfish (mg/kg/day) 

= concentration of chemical “i” in shellfish/finfish (mg/kg) 

ZZ ingestion rate (kg/day) 

= exposure frequency (days/yr) 

= exposure duration (yr) 

= body weight (kg) 

= averaging time (days); 

for noncarcinogens, AT= ED*355 days/yr; 

for carcinogens, AT=70 yr*365 days/yr 

The following ingestion rates were used: 

l for shellfish, 0.055 kg/day for the RME and 0.003 kg/day for the CTE 

0 for finfish, 0.054 kg/day for the RME and 0.0095 kg/day for the CTE 

Actual shellfish concentrations were available for oysters and clams, which are the only two species of 

potential commercial interest in the river. Finfish tissue concentrations were estimated using surface water 

data and chemical-specific bioconcentration factors. Receptors are assumed to be exposed for 

350 days/year for the RME and 234 days/year for the CTE. 

3.3.3.7 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure to 

lead because of the absence of published does-response parameters for this chemical. Exposure to lead 

was added using the USEPA Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, version 0.99D 

(USEPA, February 1994). This model is designed to estimate blood levels of lead in children (under 7 years 

of age) based on either default or site-specific input values for air, drinking water, diet, dust, and soil 

exposure. 

Studies indicate that infants and young children are extremely susceptible to adverse effects from exposure 

to lead. Considerable behavioral and developmental impairments have been noted in children with elevated 

blood lead levels. The threshold for toxic effects from this chemical is believed to be in the range of 

10 pg/dL to 15 pg/dL. Blood lead levels greater than 10 pg/dL are considered to be a “concern”. 
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In general, the IEUBK Model for lead was used to address exposure to lead when detected groundwater and 

surface water concentrations exceed the 15 pg/L Federal Action Level promulgated under the Safe Drinking 

Water Act and when detected soil and sediment concentrations exceeded the OSWER soil screening level 

of 400 mg/kg for residential land use (USEPA, July 14, 1994i). Exposure concentrations, as well as default 

parameters for some input parameters, were used. Exposures to this analyte are discussed in the site- 

specific sections (Sections 5.0 through 17.0). The input parameters used and the results of the model, 

estimated blood lead levels and probability density histograms, are presented in the site-specific appendices. 

=wF 

3.3.4 Risk Characterization 

This section provides a characterization of the potential human health risks associated with the potential 

exposure to COCs at NSB-NLON. Section 3.3.4.1 outlines the methods used to estimate the type and 

magnitude of health risks, and site-specific sections in Chapters 5.0 through 17.0 present the results for the 

current and potential future land use conditions for the individual sites. Section 3.3.5 contains a discussion 

of the uncertainties associated with all aspects of the process, 

3.3.4.1 Risk Characterization Methodology 

Potential human health risks resulting from exposure to COCs are estimated using algoriihms established 

by the USEPA. The methods described by the USEPA are protective of human health and are likely to 

overestimate (rather than underestimate) risk. The methodology uses specific algorithms to calculate risk 

as a function of chemical concentration, human exposure parameters, and toxicity. 

Risks from hazardous chemicals are calculated for either carcinogenic or noncarcinogenic effects. Some 

carcinogenic chemicals may also exhibit noncarcinogenic effects. Potential impacts are then characterized 

for both types of health effects. 

Chemical Carcinociens. Risks attributable to exposure to chemical carcinogens are estimated as the 

probability of an individual developing cancer over a lifetime as a result of exposure to a potential 

carcinogen. At low doses, the incremental lifetime cancer risk (ILCR) is determined as follows (USEPA, 

December 1989f): 

ILCR, = (Inrakq)(CSFi) 
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where: ILCR, = Incremental Lifetime Cancer Risk for chemical Y”, expressed as a unitless 

probability 

Intakei = Intake of chemical 7” (mg/kg/day) 

CSFi = Cancer Slope Factor of chemical 7” (mg/kg/dayj-’ 

Risks below 1 E-6 (l/lE+6, or a risk less than 1 in 1 million) are generally considered to be acceptable by 

the USEPA, and risks greater than lE-4 (1 in 10,000) are generally considered to be unacceptable by the 

agency. 

When carcinogenic risks exceed 1 E-2 using the above methodology, the USEPA (December 1989f) specifies 

that the one-hit model be used, as follows: 

II-CR, = 1 -exp(-/ntake,)(CSFi) 

Risks are estimated for all carcinogenic compounds regardless of the class designation (A, B, or C). 

Noncarchoqens. The hazards associated with the effects of noncarcinogenic chemicals are evaluated by 

comparing an exposure level or intake to a Reference Dose (RfD). The ratio of the intake to the RfD is called 

the Hazard Quotient (HQ) and is defined as follows (USEPA, December 1989f): 

where: HQ, = Hazard Quotient for chemical “i” (unitless) 

Intake, = Intake of chemical “i” (mg/kg/day) 

RfDi = Reference Dose of chemical 7” (mg/kg/day) 

If the ratio1 of the intake to the RfD exceeds unity, there exists a potential for noncarcinogenic (toxic) effects 

to occur. A Hazard Index (HI) is generated by summing the individual HQs for all the COCs. If the value 

of the HI exceeds unity, there is a potential for noncarcinogenic health effects associated with that particular 

chemical mixture, and therefore it is necessary to segregate the HQs by target organ effects. The HQ 

should not be construed as a probability in the manner of the ILCR, but rather a numerical indicator of the 

extent to !which a predicted intake exceeds or is less than an RfD. 
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3.3.5 Uncertainties Analysis 

There is uncertainty associated with all aspects of the baseline human health risk assessment presented in 

the preceding sections. This section will present a summary of these uncertainties, with a discussion of how 

they may affect the final risk numbers discussed in Sections 5.0 through 17.0. 

There is uncertainty associated with all steps of the risk assessment process. Uncertainty in the selection 

of COCs is associated with the current status of the predictive data bases and the procedures used to 

include or exclude constituents as chemicals of concern. Uncertainty associated with the exposure 

assessment includes the values used as input variables for a given intake route, the methods used and the 

assumptions made to determine exposure point concentrations, and the predictions regarding future land 

use and population characteristics. Uncertainty in the toxicity assessment includes the quality of the existing 

data to support dose-response relationships, and the weight-of-evidence used for determining the 

carcinogenicity of chemicals of concern. Uncertainty in risk characterization includes that associated with 

exposure to multiple chemicals and the cumulative uncertainty from combining conservative assumptions 

made in earlier activities. 

While there are various sources of uncertainty, as described above, the direction of uncertainty can be 

influenced by the assumptions made throughout the risk assessment, including selection of COCs and 

selection of values for dose-response relationships. Throughout the entire risk assessment, assumptions 

were made so that the final calculated risks would be overestimated because of the safety factors built into 

the assumptions. Thus, the resultant uncertainty in the numerical risk assessments is in how much lower 

the actual risks are. 

Generally, risk assessments carry two types of uncertainty -- measurement and informational uncertainty. 

Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For 

example, this type of uncertainty is associated with analytical data collected for each site. The risk 

assessment reflects the accumulated variances of the individual values used. 

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity 

and exposure assessments. Often, this gap is significant, such as the absence of information on the effects 

of human exposure to low doses of a chemical, on the biological mechanism of action of a chemical, or the 

behavior of a chemical in soil. 
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Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type and 

magnitude of uncertainty Involved. Reliance on results from a risk assessment without consideration of 

uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to ensure that the particular assumptions made are protective of sensitiie subpopulations or the 

maximum exposed individuals. If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those assumptions, thereby 

producing a much larger uncertainty for the final results. This uncertainty is biased toward overpredicting 

both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk assessment and the 

uncertainties associated with those results must be considered when making risk management decisions. 

This interpretation is especially relevant when the risks exceed the point-ofdeparture for defining 

“acceptable” risk. For example, when risks calculated using a high degree of uncertainty are below an 

“acceptable” risk level (i.e., 1 E-6), the interpretation of no significant risk is straightforward. However, when 

risks calculated using a high degree of uncertainty are above an “acceptable” risk level (i.e., lE4), a 

conclusion can be difficult unless uncertainty is considered. 

Recent USEPA guidance on risk assessment (USEPA. February 26, 1992e; USEPA Region I, August 1994m) 

requires risk assessors to use exposure and toxicity assumptions from the “high end” and the “central 

tendency” of their distributions. These values correspond to the RME and central tendency (CT) scenarios. 

3.3.5.1 Uncertainty in Selection of Chemicals of Concern 

There is a minor amount of uncertainty associated with the final risk values based on the selection of COCs 

to be used in the quantitative risk assessment. However, the use of predetermined screening values based 

on conservative land use scenarios (i.e., residential land use for soil and sediment, and ingestion/inhalation 

for grounldwater/surface water) in combination with the reduction of the values for carcinogens to 

correspond to a 1 E-6 cancer risk should ensure that the most significant contributors to risk from a site are 

evaluated. The elimination of chemicals that are present at concentrations that correspond to a less than 

a 1 E-6 cancer risk and less than a 0.1 HI should not affect the final conclusions regarding contaminants that 

could cause a potential health concern. 

There are additional chemicals (e.g., benzo(g,h,i)perylene and phenanthrene) for which there are no available 

health critieria and for which no risk-based COC screening criieria could be developed. These compounds 

are not, therefore, included as COCs for this assessment. The elimination of these particular compounds 
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from the quantitative risk assessment should not change the conclusions ‘of the report. In many cases, 

chemicals from the same or similar chemical class are included as COCs. Given that CERCIA type risk 

assessments are designed to be conservative (i.e., they tend to.over predict rather than under predict risk), 

it is unlikely that the exclusion of these chemicals from the quantitative risk analysis will result in a significant 

underestimation of risk. 

3.3.5.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises for the methods used to calculate exposure point 

concentrations, determination of land use conditions, the selection of receptors, and the selection of 

exposure parameters. Each of these is discussed below. 

Determination of Land Use. The current land use patterns were well established by Atlantic Environmental, 

Inc., during the Phase I RI. Detailed interviews with base personnel were used to establish the potentially 

exposed populations and the activities that could bring them into contact with contaminated media. In 

addition, planned construction projects were identified. 

One issue associated with land use that contains a high degree of uncertainty is the potential conversion 

of the base (particularly the sites under consideration in the RI) to residential uses at some time in the future. 

This scenario is considered to be highly unlikely given the dispersed population patterns currently 

surrounding the base and the heavily industrialized nature of the facility at the current time. These factors, 

in addition to the critical nature of the facility with respect to support for the submarine fleet, make a future 

industrial land use scenario much more likely, at least for the foreseeable future. 

Calculation of Exposure Point Concentrations. For most media at most sites, less than ten samples were 

available. This makes the estimation of the upper 95 percent confidence limit on the mean highly uncertain, 

and therefore, the average and maximum detected chemical concentrations were used to assess risks. As 

a result, the estimations of risk for the RME, where maxima were used as exposure concentrations, are most 

likely to be overstated because it is unlikely that potential receptors would be exposed to the maximum 

concentration over the entire exposure period. 

For some sites, the risk evaluation focused on one or more smaller areas of concern. These boundaries 

are somewhat artificial, and originated as investigations of something perhaps like a tank or are simply gross 

geographical boundaries. Exposures may or may not occur in these particular areas, and therefore risks 

could be under- or overestimated. 
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Exposure Routes and Receptor Identification. Based on the work performed by Atlantic Environmental 

Services, Inc., exposure routes and receptor groups were fairly well-defined. In this report, an attempt was 

made to simplify the various groups identified, as well as to determine a single set of exposure parameters 

to apply to each group. This may either under- or over-estimate the risks, with the final result dependent 

on how well the receptors were defined. 

Selection of Exposure Parameters. Each exposure factor selected for use in this risk assessment has 

some associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States. The attributes and activiiies studied in these surveys generally have a 

broad distribution. To avoid underestimation of exposure, the USEPA guidelines on the RME receptor were 

used, which generally consist of the 95th percentile for most parameters. Therefore, the selected values for 

the RME receptor represent the upper bound of the observed or expected habits of the majority of the 

population. 

Generally, the uncertainty can be assessed quantitatively for a number of assumptions made in determining 

factors for calculating exposures and intakes. Many of these parameters were determined from statistical 

analyses on human population characteristics. Often the data base used to summarize a particular exposure 

parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables in the RME 

scenario have low uncertainty. For many parameters for which limited information exists (i.e., dermal 

absorption of organic chemicals from soil), there is greater uncertainty. However, there are often sufficient 

data to estimate these parameters with low uncertainty. 

Many of the quantities used to calculate exposures and risks in this report are selected from a distribution 

of possible values. For the RME scenario, the value representing the 95th percentile is generally selected 

for each parameter to ensure that the assessment bounds the actual risks from a postulated exposure. This 

risk number is used in risk management decisions, but does not indicate what a more average or typical 

exposure might be, or what risk range might be expected for individuals in the exposed population. To 

address these issues, the USEPA has suggested the use of the CTE receptor, whose intake variables are 

set at approximately the 50th percentile of the distribution. The risks for this receptor seek to incorporate 

the range of uncertainty associated with various intake assumptions. Many of the parameters were 

estimated using professional judgment, although USEPA Region I provides some default parameters (USEPA 

Region I, August 1!394m). 

An additional source of uncertainty associated with the exposure assessment of the baseline human health 

risk assessment is the presence of the hospital at the base, which is located near Tautog Avenue. Sick or 
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ailing individuals represent a subpopulation of potential concern since they may experience an increased 

risk because of increased sensitivii to chemical exposure. Most of the sltes under investigation in this RI 

Report are not within close proximity to the hospital. Therefore, the.degree of uncertainty associated with 

this aspect of the exposure analysis is not expected to be great. 

3.3.5.3 Uncertainty in the Toxicological Evaluation 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose- 

response evaluations for the chemicals of concern. The hazard assessment deals with characterizing the 

nature and strength of the evidence of causation, or the likelihood that a chemical that Induces adverse 

effects in animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is 

evaluated as a weight-of-evidence determination, using the USEPA methods. Positfive animal cancer test 

data suggest that humans contain tissue(s) that may also manifest a carcinogenic response; however, the 

animal data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment 

of noncancer effects, however, positive animal data suggest the nature of the effects (i.e., the target tissues 

and type of effects) anticipated in humans. 

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data. 

Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route; 

when the magnitude of the response is clearly dose-related; when pharmacokinetic data indicate a similar 

fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals; 

and when the chemical of concern is structurally similar to other chemicals for which the toxicity is more 

completely characterized. 

Uncertainty in the dose-response evaluation includes the determination of a slope factor for the carcinogenic 

assessment and derivation of an RfD or Reference Concentration (RfC) for the noncarcinogenic assessment. 

Uncertainty is introduced from interspecies (animal to human) extrapolation, which, in the absence of 

quantitative pharmacokinetic or mechanistic data, is usually based on consideration of interspecies 

differences in basal metabolic rate. Uncertainty also results from intraspecies variation. Most toxicity 

experiments are performed with animals that are very similar in age and genotype, so that intragroup 

biological variation is minimal, but the human population of concern may reflect a great deal of heterogeneity 

including unusual sensitivii or tolerance to the COC Even toxicity data from human occupational exposure 

reflect a bias because only those individuals sufficiently healthy to attend work regularly (the “healthy worker 

effect”) and those not unusually sensitive to the chemical are likely to be occupationally exposed. Finally, 

uncertainty arises from the quality of the key study from which the quantitative estimate is derived and the 
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data base. For cancer effects, the uncertainty associated with dose-response factors is mitirjated by 

assuming the 95 percent upper bound for the slope factor. Another source of uncertainty in carcinogenic 

assessment is the method by which data from high doses in animal studies are extrapolated to the dose 

range expected for environmentally exposed humans. The linearized multistage model, which is used in 

nearly all quantitative estimations of human risk from animal data, is based on a nonthreshold assumption 

of carcinogenesis. There is evidence to suggest, however, that epigenetic carcinogens, as well as many 

genotoxic carcinogens, have a threshold below which they are noncarcinogenic (Williams and 

Weisburger, 1991); therefore, the use of the linearized multistage model is conservative for chemicals that 

exhibit a threshold for carcinogenicity. 

For noncaLncer effects, additional uncertainty factors may be applied in the derivation of the RfD or RfC to 

mitigate poor qualfty of the key study or gaps in the data base. Additional uncertainty for noncancer effects 

arises from the use of an effect level in the estimation of an RfD or RfC, because this estimation is predicated 

on the assumption of a threshold below which adverse effects are not expected. Therefore, an uncertainty 

factor is usually applied to estimate a no-effect level. Additional uncertainty arises in estimation of an RfD 

or RfC for chronic exposure from less-than-chronic data. Unless empirical data indicate that effects do not 

worsen with increasing duration of exposure, an additional uncertainty factor is applied to the no-effect level 

in the less-than-chronic study. Uncertainty in the derivation of RfDs is mitigated by the use of uncertainty 

and modifying factors that normally range between 3 and 10. The resulting combination of uncertainty and 

modifying factors may reach 1,000 or more. 

Class C carcinogens are classified as possible human carcinogens because the evidence for their 

carcinogenicity in animals is limited. The inclusion of these compounds in the estimation of total 

carcinogenic risk adds to the uncertainty of the final risk numbers by potentially overestimating the human 

health effects. 

Another source of uncertainty in this risk assessment is the lack of cancer slope factors for compounds 

identified by the USEPA as possible human carcinogens (Class C compounds). The only Class C 

compounds identified as COCs at this site are 2-methylphenol, 1,1,2,2-tetrachloroethane, and 

1 ,l dichloroethene. It is unlikely that the evaluation of these particular compounds as potential carcinogens 

would change the conclusions of the carcinogenic risk evaluations. 

Another potential source of uncertainty in the toxicity assessment is the extrapolation of Reference 

Concentrations to Reference Doses without use of an inhalation absorption factor. Typically, CERClA risk 

assessments require the conversion of an air concentration to an internal dose, which is accomplished by 
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using a body weight of 70 kg and an inhalation rate of 20 m3/day. So while this conversion is not thought 

to add significantly to the uncertainty in a risk assessment, it is not recommended unless the primary 

literature is consulted first. Since all inhalation RfDs (RfCs) were obtained from USEPA sources, the 

uncertainty associated with the conversions are expected to be minimal. 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the 

case when no gastrointestinal absorption rates are available in the literature or when only qualitative 

statements regarding absorption are available. 

Uncertainty also arises in the dose-response assessment for values derived for several principal chemicals 

of concern by using studies with limitations. For example, Class 82 PAHs for which no toxicity data are 

available are evaluated using benzo(a)pyrene toxicity data with estimated orders of potential potency for the 

average and RME receptors. This may either underestimate or overestimate the carcinogenic risks 

associated with PAHs. 

The carcinogenic&y of arsenic via ingestion is not confirmed by the available data. However, the USEPA 

has proposed an oral unit risk factor that was used for all oral and dermal exposures to arsenic at this site. 

Since arsenic is a major risk driver, the risks may be overstated. 

Some uncertainty is associated with the evaluation of chromium, which was assumed to be present in its 

hexavalent state. Since hexavalent chromium is considered to be more toxic than the trivalent state, which 

essentially more common, risks for this chemical are probably overestimated to some degree. 

3.3.5.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple compounds from various exposure routes. High uncertainty exists when summing 

cancer risks for several substances across different exposure pathways. This assumes that each substance 

has a similar effect and/or mode of action Often compounds affect different organs, have different 

mechanisms of action, and differ in their fate in the body, so additivfty may not be an appropriate 

assumption. However, the assumption of additivity is made to provide a conservative estimate of risk. 

Finally, the risk characterization does not consider antagonistic or synergistic effects. Liile or no information 

is available to determine the potential for antagonism or synergism for the COCs. Therefore, this uncertainty 
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cannot be discussed for its impact on the risk assessment, since lt may either underestimate or overestimate 

potential human health risk. 

3.4 ECOLOGICAL RISK ASSESSMENT PROCEDURES 

The objective of the NSB-NLON ecological risk assessment is to characterize the current impacts of site 

activities on aquatic and terrestrial biota and on habitats that may support ecological receptors. The results 

of the ecological risk assessment, as well as the human health risk assessment, will serve as a partial basis 

for determining whether further action is required at any of the sites under investigation. This effort 

represents a “Baseline Ecological Risk Assessment” (BERA), which evaluates potential risks to ecological 

receptors under existing site contamination conditions, assuming that no remediation is to be conducted 

(i.e., the ‘no action” alternative). The BERA only considers impacts associated with past disposal practices 

or releases of chemical contaminants at the site; permitted or regulated chemical releases occurring as a 

result of current operations are not addressed. 

f- 

A number of environmental investigations have been conducted at the facility and several have addressed 

potential impacts to ecological receptors. However, these investigations have generally focused on individual 

sites on the NSB-NLON, and have not addressed ecological risks from a base-wide perspective. The 

methods outlined in this section were used to prepare ecological risk assessments for each site that 

integrates information and results presented in previous investigations (e.g., Phase I RI, FFS) with the results 

of investigations conducted in the Phase II RI supplemental ecological investigations. The incorporation and 

evaluation of all available ecological information in one comprehensive document will provide the risk 

manager with a better understanding of potential ecological risks and the relationship between sources of 

contamination and potentially impacted receptors. 

The problem formulation, the first step in an ecological risk assessment is described in Section 3.4.1. The 

methodology used to determine which of the contaminants detected on the NSB-NLON represent a potential 

risk to ecological receptors is presented in Section 3.4.2. The Basewide conceptual model is discussed in 

Section 3.4.3. The Exposure Assessment (Section 3.4.4) defines and evaluates exposure of receptor 

organisms to contaminants. Section 3.4.5 provides the Risk Characterization Methodology. This section 

defines and evolves exposure of receptor organisms to contaminants. General uncertainties associated with 

the risk assessment process are discussed in Section 3.4.6. 
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3.4.1 Problem Formulation 

The problem formulation step represents the first phase of an ecological risk assessment and establishes 

the goals, breadth, and focus of the assessment (USEPA,1982). Problem formulation involves a series of 

interrelated steps designed to ident’ify potential stressors, pathways and ecological effects. Ecological 

endpoints appropriate for the site are then derived, and a conceptual model is developed for the site. The 

conceptual model provides an indication of how ecological receptors might come in contact with chemicals 

in various media. 

The following information is generally considered in the problem formulation step (USEPA, 1894): 

0 Site description 

0 Ecosystems and species of concern 

0 Methods used to identify COCs 

0 Ecological endpoints 

A description of the NSB-NLON and local ecology is contained in Sections 1.2.4 and 4.8. In addition, site- 

specific descriptions are provided in Sections 5.0 through 17.0. Ecosystems and species of concern are 

also discussed in Section 4.8 and in Sections 5.0 through 17.0. Methods used to identify COCs and 

ecological endpoints used in this assessment are described in Sections 3.4.2 and 3.4.3.4, respectively. A 

base-wide conceptual site model (CSM) is developed in Section 3.4.3. Based on the CSM, complete 

exposure pathways are identified (Section 3.4.3.3) and ecological endpoints determined (Section 3.4.3.4). 

3.4.2 Methods Used to Identify Chemicals of Concern 

This section summarizes the methodology used to determine which of the contaminants detected on the 

NSB-NLON represent a potential risk to ecological receptors. Media-specific COCs were selected by 

comparing conservative, media-specific exposure point concentrations (e.g., maximum concentration of 

copper detected in the Upper Pond surface water samples) to criteria or benchmark values that are 

protective of ecological receptors. 

3.4.2.1 Surface Water 

Surface water COCs were identified by comparing conservative, representative concentrations of 

contaminants (either the maximum concentration or the UCL) present in samples collected from onsite 
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I freshwater bodies (e.g., the Area A Downstream Watercourses and OBDA) and from the Thames River to 

NSB-NLCN background concentrations (inorganics only) and to values protective of aquatic biota. The 

process used to derive benchmark values and to select surface water COCs is summarized below by 

freshwater systems, Thames River and Goss Cove, and drinking water. 

Freshwater Svstems 

As discus,sed in Section 2.0, surface water samples were collected from various locations on the NSB-NLON 

(e.g., the Area A Downstream Watercourses and OBDA) and from several off-site reference locations 

(Figure 3-3). The Area A Downstream Watercourses and OBDA consist of four small, ephemeral streams 

(Streams 1 - 4) and three small ponds (the Upper, Lower, and OBDA Ponds). The offsite reference water 

bodies were specifically selected based on their physical similarity to the waterbodies of the Area A 

Downstream Watercourses and OBDA. Niantic Pond (Figure 34) served as the reference pond for Lower 

Pond while the reference pond for the OBDA and Upper Ponds was a small pond located at Pequot Woods 

(Figure 3-5). Sampling location 28 on Fishtown Brook represented the reference location for Streams 3 and 

4 while Fishtown Brook sampling location 29 served as the reference station for Streams 1 and 3 (see 

Section 2.0). Although specifically selected to serve as reference locations for systems present in the Area 

A DownsVeam Watercourses and OBDA, these reference locations were also used to identify inorganic 

COCs present in surface water collected from other locations on the NSB-NLON. Pequot Woods Pond was 

used a the reference location for the Area A Wetland and Fishtown Brook Station 29 served as the reference 

location for samples collected from the Area A Weapons Center drainage ditches. 

For this assessment, surface water COCs were identified by first comparing representative concentrations 

of inorganic analytes detected in the various onsite waterbodies to concentrations of inorganic constituents 

measured in their respective reference locations. All inorganics present in excess of reference sample 

concentrations and all organic compounds were then compared to benchmark values protective of aquatic 

life. 

The benchmark values preferentially used in this BERA to identify surface water COCs were primarily 

freshwater chronic AWQC developed by CTDEP and USEPA. Exposures of NSB-NLON aquatic receptors 

to COCs are assumed to be primarily chronic (long-term), usually at sublethal concentrations; CAWQC are 

developed to protect sensitive aquatic species from exposures to chronic, sublethal contaminant 

concentrations. These CAWQC therefore serve as conservative and appropriate values for identifying 

surface water COCs. 
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Study area-specific (e.g., Upper Pond, Pequot Woods, etc.) suriace water hardness values (mg/L CaCOd 

were used to calculate site-specific chronic AWQC for those metals whose toxicity in freshwater is hardness- 

dependent. , 

CAWQC were not uniformly available for all potential COCs. When a CAWQC had not been developed for 

a specific analyte, it was necessary to identify surrogate chronic benchmark values. The acute toxicity 

database for aquatic receptors is much larger than that pertaining to chronic toxic effects. This database 

served as a major source of data from which surrogate benchmark values were derived. Acute toxicity is 

generally expressed as the “LC,,” or the aqueous concentration of a contaminant lethal to 50 percent of the 

test population. For this BERA, chronic benchmark values were de&ed by dividing available LC, values 

by 100. 

The use of LC,/lOO is based on the assumption that this ratio provides a reasonable and adequate level 

of protection for sensitive, untested species. This ratio has been employed by the Qffibe of Pesticide 

Programs of the USEPA to protect sensitive wildlife species (Urban and Cook, 19aS). In the process of 

developing water quality criteria in 1972, the National Research Council suggested that the LC, value be 

divided by factors of 10 or 100, depending on persistence and potential to bioaccumulate (National Research 

Council, 1972). More recently, examination of the results of acute and chronic toxicity tests performed on 

National Pollutant Discharge Elimination System (NPDES) effluents has indicated that the ratios of acute 

to chronic toxicity values seldom exceed 10 (i.e., LC,/lO = chronic value) and ratios above 20 (LCsc/20) 

have not been observed (USEPA, 1991). The use of the L&,/100 value, therefore, provides a conservative 

estimate of chronic benchmark values. 

In a number of instances, Lowest Observable Effects Concentrations (LOEC) generated during chronic 

toxicity testing, rather than LC, values, were available. These values were converted to surrogate chronic 

benchmark values by dividing by a factor of 10. The use of LOEC/lO to derive chronic benchmark values 

has been extensively examined in aquatic toxicology (e.g., derivation of no observable effects values from 

chronic toxicity test data). This method has been found to provide a conservative estimate of concentrations 

protective of sensitive aquatic species (Calabrese and Baldwin, 1993). 

Frequently, neither CAWQC nor toxicity data were available for potential surface water COCs. This was 

particularly true for organic compounds. In these instances, a computer program developed by USEPA 

(ECOSAR; USEPA, 1992c) was used to derive benchmark values for these contaminants. This program 

includes a series of models based on quantitative structure-activity relationships (QSAR) that permit the 

prediction of toxicity endpoints for a chemical based on the known toxicity of related chemicals to similar 
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organisms. Chemical-specific parameters used predict toxicological endpoints included log b,,,, melting 

point, molecular weight, and the chemical’s solubility in water (USEPA, 1992~). 

In addition to comparisons to CAWQC, maximum and average detected contaminant concentrations were 

also compared to acute benchmarks when they exceeded CAWQC. For freshwater, CTDEP acute screening 

levels (Water Quality Standards) were preferentially used. When they were not available, acute AWQC were 

used. 

Several of the inorganic chemicals detected in surface water samples collected from onsite locations were 

present ini concentrations exceeding NSB-NLON background concentrations (e.g., calcium, magnesium, 

potassium, sodium). These chemicals are considered to be nontoxic and were eliminated from further 

consideration. 

As described above, all analytes present in excess of background concentrations (inorganics only) and in 

excess of benchmark values were regarded as freshwater COCs. Benchmark valves used to identify 

freshwater COCs are summarized in Table 3-17. 

Thames River and Goss Cove 

Water samples were collected from the Thames River and Goss Cove in 1993. As noted in Section 2.7, 

samples were collected from the surface of the river as well as near the river’s bottom. As previously 

discus&l, this river is a tidally-influenced, estuarine river with water quality characteristics typical of marine 

systems (i.e., salinity > 10 ppt; Appendix G). Depending on the point in the tidal cycle, the river upstream 

from NSB-NLON may be influenced by the incoming tide or by freshwater moving downstream from the 

river’s upper reaches. Therefore, because of the tidal influence, no true “upstream”, reference station exists 

for the sampling stations on the Thames River. In order to distinguish concentrations of inorganic analytes 

attributable to naturally occurring conditions (versus those that may be attributable with activities on the 

NSB-NLON), average concentrations of inorganic analyles reported in seawater (Hem, 1985) were selected 

to represent background conditions for the Thames River and Goss Cove (Table 3-18). 

As was tlne case for the onsite freshwater systems, inorganic surface water COCs were identified by 

comparing representative concentrations of inorganics to average concentrations of inorganics. All 

inorganic; present in excess of seawater concentrations and all organic compounds were then compared 

to water quality criieria or benchmark values protective of marine aquatic life. As defined in 40 CFR 131, 

saltwater criieria are applicable for water bodies with salinity values greater than 10 ppt such as the Thames 
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River and Goss Cove (Appendix G). Like the freshwater systems, CAWQC for marine systems were 

preferentially selected to identify potential marine surface water COCs. In addition, marine CAWQC were 

not unlformly available for all detected chemicals. In these instances, surrogate chronic benchmark values 

were derived following the same methods used to derive surrogate freshwater values. 

In addition to comparisons to marine CAWQC, maximum and average contaminant concentrations in 

Thames River and Goss Cove surface water were compared to acute marine benchmarks when they 

exceeded CAWQC. CTDEP saltwater WQS were preferentially used. When CTDEP benchmarks were not 

available, acute saltwater AWQC were used. 

Several of the inorganic chemicals detected in surface water samples collected from both the Thames River 

and Goss Cove were present in concentrations exceeding background concentrations (e.g., calcium, 

magnesium, potassium, sodium) are considered to be nontoxic and were eliminated from further 

consideration. 

All chemicals present in excess of NSB-NLON background concentrations (inorganics only) and benchmark 

values (for both inorganics and organics) were considered Thames River surface water COCs. 

Drinkino Water 

Wildlife receptors may be exposed to surface water COCs via ingestion. Inorganic COCs in surface water 

(for wildlife) were identified by comparing concentrations of inorganics to NSB-NLON background 

concentrations. The concentrations of all inorganics that exceeded background concentrations and all 

organic compounds detected were then used to conservatively calculate doses (see Section 3.4.4.2) that 

could potentially be received by various wildlife species inhabiting and/or utilizing specific areas on the NSB- 

NLON. These estimated doses were then compared to benchmark values protective of these receptors. 

Chemicals present in concentrations in excess of these benchmark values were regarded as surface water 

COCs with respect to terrestrial wildlife. The process used to develop benchmarks is described below. 

Information on the toxicity of environmental chemicals to terrestrial wildlife is generally limited. Most 

information generated to date involves impacts of agricultural compounds on non-target wildlife species; little 

information exists on the impact of industrial chemicals on ecological receptors (Opresko et al., 1994). 

Furthermore, many of the data that are available reflect acute exposures (e.g., exposure to unrealistically 

high concentrations), and interpretation of the potential effects of long-term, chronic exposure on wildlife 

populations is difficult. Because of these and other data limitations, species-specific NOAELs (no-observed- 
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adverse-effects levels) for chronic exposures to a given chemical must be derived from the results of 

laboratory toxicity tests performed on different species of wildlife or, more frequently, on laboratory animals. 

ForthisBERA,No-Observed-Adverse-Effects-Levels(NOAELs),andLowest-Observed-Adverse-Effects-Levels 

(LOAELs) were obtained for both domestic and wild mammals and birds from the primary literature; USEPA 

review documents; and secondary sources such as the Registry of Toxic Effects of Chemical Substances, 

the Integrated Risk Information System (IRIS) and Opresko et al. (1994). NOAELs and LOAELs represent 

daily dose! levels normalized to the body weight of the test animals. To reduce the need to extrapolate 

between data and to limit the uncertainty associated with deriiing NOAEL values, emphasis was placed on 

those studies in which reproductive and developmental endpoints were considered (e.g., toxicity test 

endpoints indicative of potential population-level effects). 

Although toxicity test data that reflected potential long-term (chronic) impacts to test organisms was 

preferentially sought, these types of data are not uniformly available. In order to derive reproductive RfD 

values for each of the representative ecological receptors considered in this BERA, a series of “Uncertainty 

Factors” (IJFs) were applied to NOAEL data. UFs are designed to account for the uncertainty associated 

with extrapolating from toxicity data experimentally obtained from one organism in order to estimate the 

potential toxic impact on another receptor organism (CelEPA, 1995). UFs are multiplicative, such that an 

uncertainty factor of 25 is the product of two single UFs of 5. The magnitude and number of UFs applied 

to a given NOAEL is based on the number, quality, duration, and sensitiiity of the studies used to assess 

the toxicity of a given chemical and the taxonomic relationship between the species actually tested and the 

representative receptor species being evaluated in the risk assessment (CalEPA, 1996). 

UFs greater than 1 were used to compensate for the following (CalEPA, 1995): 

l Study durations of less than one full life cycle when the most sensitive stages of the lifecycle 

were not tested (UF = 10) 

The following UFs are applied when study results that reflect less sensitive toxicity endpoints (e.g., results 

based on endpoints other than reproduction, behavior, or pathology): 

l To adjust from endpoints such as mortality to more sensitive endpoints (LD,, to LOAEL Acute), 

UF = 5 

l To adjust from less than chronic to chronic exposure (LOAEL Acute to LOAEL Chronic), UF = 5 
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0 To adjust from observable effect to no observable effect (LOAEL Chronic to NOAEL Chronic), 4 

UF = 5 

The UFs listed below are used when interspecies extrapolations are necessary between taxonomically distant 

species (i.e., species belonging to different families or orders). Although a thorough review of available 

toxicity data was not performed in developing this set of UFs, lt was felt that the UFs did represent a 

reasonable compromise between using no uncertainty factors and using an uncertainty factor of 10 for each 

level of extrapolation (CalEPA, 1998). As noted by CalEPA (1998) the following UFs are within the range 

of the geometric mean of four for interspecies chronic and subchronic NOAEL comparisons based on 

studies of uncertainty factors currently under review by the USEPA: 

0 Toxicity Extrapolations within the Class Mammalia: 

Wiihin the same taxonomic order: UF = 2 

Between taxonomic orders: UF = 5 

0 Toxicity Extrapolations from Class Mammalia to Class Aves: UF = 10 

Although no clear guidance has been developed to define what constitutes a subchronic exposure, both 

USEPA (1993a) and Opresko et al. (1994) consider exposure periods of less than 50% of a species’ lifespan 

to represent a subchronic exposure period for mammalian species. This same definition of subchronic 

exposure was used in this BERA. As outlined in Opresko et al. (1994) information defining 

chronic/subchronic exposure periods for avian toxicity tests is even more limited and these tests are not 

well standardized. Therefore, an exposure period of 10 weeks or less will be defined as a subchronic 

exposure period for avian species (Opresko et al., 1994). 

The derivation of reference doses (RfDs) for each chemical of concern and each receptor species 

considered in this BERA is summarized in Tables 3-19 through 3-25. The specific receptors considered by 

table are shown below: 

l Herring Gull - Table 3-19 

0 Red-Tailed Hawk - Table 3-20 

a Raccoon - Table 3-21 

l Mallard - Table 3-22 

0 Barred Owl - Table 3-23 

l Cormorant - Table 3-24 

0 Short-Tailed Shrew - Table 3-25 
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These representative species are discussed in Section 3.4.3.4. 

These tables list the COCs test species used in each toxicity test, the endpoint used to quantify the toxic 

response of the test organisms, and the laboratory toxicity test result [expressed as a dose (mg/kg/day)]. 

The UF values applied to these test results are also listed. The following formula was used to calculate the 

final UF, which is defined as the product of the reciprocals of all applicable individual UFs: 

Fina’ llF = (UF, * UF,, sl”Fc + . ..UF.) 

As noted above, receptor-specific RfD values were then derived by multiplying the laboratory test result by 

the chemical-specific final UF: 

Receptor-Specific RfD (mg/kg/day) = Final UF*Laboratory Test Result (mg/kg/day) 

Benchmark values used to identify COCs for terrestrial receptors are summarized in Table 3-17. 

i- 
3.4.2.2 Sediment 

Sediment COCs were identified by comparing conservative, representative concentrations of analytes present 

in sediment samples collected from onsite freshwater bodies (e.g., the Area A Wetland) and from the Thames 

River to NSB-NLON background concentrations (inorganics only) and to values protective of aquatic biota. 

The process used to derive benchmark values and to select sediment COCs is summarized below by 

freshwater systems, Thames River and Goss Cove, and terrestrial vertebrates. Benchmark values used to 

identify sediment COCs are summarized in Table 3-17. 

Freshwater Systems 

With the exception of lead, all inorganics detected in onsite sediment samples were compared to 

concentrations of inorganic constituents from their respective offsite reference locations. In reviewing the 

concentrations of inorganic constituents in the reference locations, it was apparent that one of the samples 

collected ,from Niantic Pond contained lead in concentrations significantly greater than concentrations 

measured in sediments collected from other reference locations. Following a series of discussions between 

BRE, the Navy, USEPA Region I, and CTDEP, it was determined that the concentration of lead detected in 
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samples collected from Pequot Woods would serve as the background concentration for lead for all onsite 
-d 

pond locations. 

Those inorganic analytes present in concentrations greater than background concentrations and all organic 

compounds were compared to benchmark values protective of aquatic biota. The process used to identify 

benchmark values and to select final sediment COCs is described in the following paragraphs. 

Unlike surface waters, national criteria have not been established for chemicals in sediments. The current 

lack of sediment criteria is largely a function of the difficulties associated with identifying biologically available 

concentrations. Adverse impacts associated with contaminated sediments are primarily related to the 

concentration of chemical present in interstitial (i.e., “pore”) water. The adsorptlon/desorption of chemicals 

from sediment particles into interstftiai water is governed by complex, interrelated chemical and physical 

processes. Models (e.g., equilibrium partitioning; EqP) have been developed to predict the concentration 

‘of non-polar organic compounds and some cationic metals that may be dissolved into interstitial water and 

biologically available. However, no equivalent, widely accepted models currently exist for predicting the 

partitioning of most metals or polar organics between water and sediment particles. As a result of these 

factors, separate approaches were used to identify sediment benchmarks for inorganic and organic 

compounds. 

Inorganic Chemicals 

Sediment guideline values developed by the Ontario Ministry of the Environment (OME 1992) served as 

benchmark values for sediment samples collected from freshwater systems. The values developed by OME 

are specifically developed to be protective of benthic aquatic organisms. Although several different 

approaches for developing sediment guidelines were evaluated, OME selected the “Screening Level 

Concentration Approach” or SLC to develop sediment guidelines. The SLC uses field generated data that 

documents the co-occurrence of benthic infaunal species and different concentrations of chemicals in 

sediment. The SLC is an estimate of the highest chemical of a contaminant that can be tolerated by a 

specific portion of benthic species. As defined by OME (1992), the SLC represents the concentration that 

95% of the species can tolerate. The basic underlying assumption associated wfth this method of generating 

sediment quality guidelines is that the available data cover the entire range of tolerance for each benthic 

species considered. However, OME acknowledges that the full range of tolerance for most species is not 

known (OME, 1992). 
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In those instances where OME sediment guideline values did not exist for a particular inorganic, surrogate 

values developed by Washington State Department of Ecology (Washington State, 1994) were employed 

to identify sediment inorganic COCs for the Area A Downstream Watercourses and OBDA. 

Also, when chronic sediment benchmarks were exceeded, maximum and average inorganic contaminant 

concentrations were compared to “acute” sediment benchmarks. Since sediment benchmarks are not 

generally deriied to represent acute exposures, the Severe Effect Levels (SELs) from the OME data were 

used for freshwater systems investigated in the ERA. The SEL is defined as the concentration above which 

pronounced disturbance in the benthic community would occur. When SELs were not available, sediment 

benchmarks were obtained from other sources, including Long et al. (1995). 

A number of inorganic chemicals detected in surface water samples collected from onsite waterbodies were 

present in concentrations exceeding background concentrations (e.g., calcium, magnesium, phosphorus, 

potassium, sodium). These chemicals are considered to be nontoxic and were eliminated from further 

consideration. 

Organic C.hemicals 

As noted above, EqP models been developed to predict biologically available concentrations of non-polar 

organic compounds in sediment. The capacity of a sediment to adsorb organic chemicals is a function of 

the mass fraction of organic carbon in sediment, f,,. A chemical’s octanol/water partition coefficient (K,J 

provides an indication of the degree to which the chemical will be sorbed to sediment organic carbon and 

is therefore no? biologically available. These relationships can be used to predict the amount of chemical 

that may be biologically available in a sediment containing a given amount of organic carbon. Based on 

these interrelationships, a site-specific organic carbon normalized benchmark criterion can be determined 

for a specific chemical having a specific organic carbon partition coefficient, independent of sediment 

properties (USEPA, 1993c). 

. 

Although IK,, values are routinely measured in the laboratory, K,, values are seldom reported. However, 

K,, can be predicted from K,,. Using the K,, values listed in Table 3-2, the following regression formula 

was used to predict K,,, (USEPA, 1993~): 

l”gloKm = 0.00028 + 0.983 log,oK,,, 

The predicted K,,value, in combination with chronic benchmark surface water values, was then used to 

predict site-specific chronic benchmark sediment values using the following formula (USEPA, 1993c): 
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Site-specific sediment benchmark value = CAWQC * f,, * &, 

Where: CAWQC = chronic ambient water quality criterion (mg/L) 

f oc = fraction of organic carbon (g/g) 

K oc = organic carbon partitioning coefficient 

No widely recognized models have been developed to predict the concentration of polar organics present 

in interstitial water. Therefore, for the purposes of this BERA, it was assumed that these chemicals were 

completely dissolved in the interstitial water (i.e., mg/Kg = mg/L) and compared to chronic benchmark 

values. 

Also, when chronic sediment benchmarks were exceeded, maximum and average organic contaminant 

concentrations were compared to “acute” sediment benchmarks. Since sediment benchmarks are not 

generally derived to represent acute exposures, the Severe Effect Level (SEL) from the OME data were used 

for freshwater systems investigated in the ERA. When SELs were not available, sediment benchmarks were 

obtained from other sources, including Long et al. (1995) although it is acknowledged that those values were 

derived primarily for marine systems. Due to the complexity of the Area A Downstream system and 

variability in organic carbon in that area, site-specific acute benchmarks were calculated using EqP for that 

site. Site-specific acute sediment benchmarks were not calculated for the other sites Investigated in the 

ERA. 

Thames River and Goss Cove 

Inorganic Chemicals 

Sediment samples were collected from the Thames River and Goss Cove in 1993 (Phase II RI) and 1995 

(Phase II RI Supplemental Ecological Investigation) As discussed above, no true “upstream” reference 

station exists for the sampling stations on the Thames River, In order to distinguish concentrations of 

inorganics attributable to naturally occurring conditions (versus those that may be attributable with activities 

on the NSB-NLON), average concentrations of inorganic constituents reported in sediments collected from 

two locations in Long Island Sound (NOAA, 1994) were selected to represent background sediment 

conditions for the Thames River and Goss Cove (Table 3-26). 
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Because OME values were developed specifically for freshwater systems, values developed by Long and 

Morgan (1991) and updated in Long et. al (1995) were chosen to serve as benchmark values for inorganics 

in the Thames River and Goss Cove. Long and Morgan developed “apparent effects” data sets for various 

sediment ‘toxicants by compiling biological effects data (e.g., reductions In marine benthic populations)for 

a specific toxicant, placing these data in ascending order (toxicant concentration producing no effect to 

toxicant concentration producing the greatest effect and then identifying the 10th and 50th percentile of 

these ordered data. Long and Morgan defined the 10th and 50th percentiles as the “Effects Range-Lo& 

(ER-L) and the “Effects Range-Median” (ER-M), respectively, for each chemical considered. The more 

conservative ER-L values was used to identify sediment inorganic COCs for the Thames River and Goss 

Cove. 

ER-L values have not been derived for several inorganics measured in Thames River sediment samples. For 

these analytes, surrogate values were selected from other sources, including sediment quality criteria 

established by various government agencies. In several instances, sediment-specific criteria could not be 

identified; these inorganics were therefore retained as COCs if present in concentrations in excess of 

background concentrations. 

Also, wheln chronic sediment benchmarks were exceeded at Goss Cove or Thames River, maximum and 

average organic contaminant concentrations were compared to “acute” sediment benchmarks. Since 

sediment benchmarks are not generally derived to represent acute exposures, Effects Range-Median (ER-M) 

values from Long et al. (1995) were used for marine systems investigated in the ERA. When ER-MS were 

not available, sediment benchmarks were obtained from other sources, such as OME (1992), although it is 

recognized that these values were derived primarily for freshwater systems. Due to the complexity of the 

Area A Downstream system and variability in organic carbon, site-specific acute benchmarks were calculated 

using EqF’ for that site. Site-specific acute sediment benchmarks were not calculated for the other sites 

investigated in the ERA, including Goss Cove and Thames River. 

Several of the inorganics detected in sediment samples collected from both the Thames River and Goss 

Cove were present in concentrations exceeding background concentrations (e.g., calcium, magnesium, 

potassiuml, sodium) are considered to be nontoxic and were eliminated from further consideration. 

.=- 

In addition to ER-L values, the concentrations of five cationic metals present in sediments collected from 

the Thames River and Goss Cove in 1995 were also compared to site-specific metals criteria developed for 

each sample. Numerous studies have demonstrated that the concentration of acid volatile sulfide (AVS) 

present in sediments represents a major factor in influencing the pore water concentration and bioavailability 
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of metals in sediments. Sediments with concentrations of AVS in excess of the concentration of metals will 

have very low metal activii in the interstitial water (USEPA, 1994~); metals present in these sediments are 

unlikely to bioaccumulate or to be toxic. These relationships have been used to develop EqP methods for 

predicting the bioavailability of divalent metals in sediments (USEPA, 1994~) and for developing site-specific 

sediment benchmark values. 

The EqP process can not be used to develop separate metal-specific (e.g., copper) sediment criteria. This 

is because cationic metals (e.g., copper, lead, cadmium, nickel, zinc) have differing affinities for AVS. The 

presence of two or more of these metals in sediments alters the amount of AVS available for binding the 

remaining cations (USEPA, 1994). The equilibrium models developed by USEPA (1994~) account for the 

fact that metals act in an additive fashion when binding to AVS. That is, “each of the five metals: Cu, Pb, 

Cd, Zn, and Ni will bind to the AVS and be converted to CuS, PbS, CdS, 26, and NiS in this sequence; 

i.e., in the order of increasing solubility’ (USEPA, 1994~). Simultaneously extracted metals (SEM) are defined 

as the metals extracted in the cold acid used in the procedure to quantify AVS. SEM provides an indication 

of the biologically available concentrations of metals present in sediment pore water. The term [SEM,] 

represents the excess SEM for each of the ith metals. The least soluble metal sulfide considered in USEPA 

(1994c) is copper sulfide. If the copper SEM is less than the AVS (SEM < AVS), then all of the copper SEM 

is present as copper sulfide and the [copper SEMI = 0. The remaining available AVS can be calculated 

as follows: 

Remaining [AVS] = [AVS] - [copper SEM] 

This computation is repeated for the next least soluble metal (Pb) and so on. In essence, AVS is “assigned” 

to the metals in the sequence of their solubility products from the lowest to the highest: SEM,,,,, < 

SEMlead < SEMcadmiurn < SEMzinc < SEMnickel~ That is, AVS would be complexed first to copper, followed 

by lead, etc., until all AVS is exhausted. Once AVS is depleted, the remaining metals may exist as excess 

SEM and may be biologically available. 

The USEPA has determined that site-specific sediment criteria can be developed based on the relationship 

between AVS and these cationic metals. A sediment will meet its site-specific sediment criterion if the sum 

of the molar concentrations of SEMcopper, SEMcadmium, SEM,+k,,, SEM,,,, and SEMzinc are less than the 

molar concentrations of AVS (USEPA 1994). However, even though a sediment meets its site-specific 

sediment quality criterion, the criierion is specific only for these fiie cationic metals and does not mean that 

a sediment is not toxic. 
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In addition to deriving site-specific metals criteria, USEPA’s National Sediment Inventory program has 

developed the following preliminary classification scheme for the sum of the molar concentrations of 

SEM copper’ SEM cadmium’ SEM nickel* SEMI,,, , SEM,in, and AVS; 

0 SEM - AVS > 5 indicates a high probability of adverse impacts to aquatic life 

0 SEM - AVS = 0 to 5 indicates a medium probability of adverse impacts and 

0 SEM < 0 indicates a low probability of adverse impacts 

SEM concentrations of copper, cadmium, lead, nickel, and zinc were measured in sediment samples 

collected from the Thames River and Goss Cove in 1995. These concentrations, along with concentrations 

of AVS measured at these sample locations, were used to identify the bloavailability of these cationic metals 

(see Sections 13.0 and 17.0) 

Organics 

As was the case for freshwater systems (see Section 3.4.2.2.1) EqP was also used to derive sediment 

benchmarks that were then used to identify non-polar organic sediment COCs for the Thames River and 

Goss Cove. In this instance, marine CAWQC or appropriate surrogate values were used to derive these 

benchmark values. As previously noted, models to predict the concentration of polar organic contaminants 

present in interstitial water have yet to be developed. Therefore, it was again assumed that these Thames 

River and Goss Cove sediment constituents are completely dissolved in the interstitial water (i.e., mg/kg = 

mg/L); these hypothetical concentrations were then compared to chemical-specific surface water benchmark 

values to identify sediment polar organic COCs. 

Terrestrial Vertebrates 

p--. 

Wildlife receptors may be exposed to sediment COCs through incidental ingestion while foraging. Wildlife 

receptor sediment inorganic COCs were identified by comparing concentrations of inorganics present in 

sediment samples to background concentrations. The concentration of all inorganic chemicals that 

exceeded background concentrations and all organic contaminants detected in sediment samples collected 

from a given location were then used to calculate conservative dose levels (see Section 3.4.4.2) that could 

potentially be received by various wildlife species inhabiting and/or utilizing contaminated areas on the NSB- 

NLON. These estimated doses were then compared to benchmark values protective of these receptors. 

Chemicals present in concentrations in excess of these benchmark values were regarded as final sediment 
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COCs with respect to terrestrial wildlife. The process used to develop benchmarks is described in 

Section 3.4.2.1 (Drinking water). 

3.4.2.3 Soil 

Soil COCs were identified by comparing conservative, representative concentrations of analytes present in 

soil samples collected from onsite locations (e.g., the CBU Drum Storage Area) to concentrations present 

in background locations (inorganics only). Information contained in Backaround Concentrations of 

Inorrlanics In Soil (Atlantic, 1995b) served as the source of background surface soil data for determining soil 

COCs. In defining soil COCs, potential impacts to terrestrial vegetation, soil invertebrates, and terrestrial 

vertebrates were considered. As a result, three different sets of benchmarks, selected to be protective of 

these three different groups of terrestrial receptors, were employed. The process used to derive these 

benchmark values and to select soil COCs is summarized below by terrestrial vegetation, invertebrates, and 

terrestrial vertebrates. 

Terrestrial Veqetation 

Surface soil inorganic COCs were identified by comparing inorganic contaminant concentrations to 

background soil concentrations. lnorganics that exceeded background concentrations were then compared 

to soil threshold values protective of terrestrial vegetation. Chemicals present in concentrations in excess 

of these benchmark values were regarded as final soil COCs with respect to terrestrial vegetation. 

Benchmark phytotoxicity values developed by Will and Suter (1994) were used to identify soil COCs for 

terrestrial plants. As described in Will and Suter (1994). data used to deriie these phytotoxic benchmark 

values were obtained from searches of bibliographic data bases, a numeric data base, review articles, and 

conventional literature. Plant growth and yield parameters were selected as endpoints for identifying 

potential adverse impacts: a 20% reduction in growth or yield was selected as the threshold for significant 

adverse effects (e.g., a 20% reduction in growth or yield represented the lowest observable effects 

concentration [LOEC]). The chemical benchmarks were derived by rank ordering of the LOEC values and 

identifying the tenth percentile from these ordered data. If there were 10 or fewer LOECs for a chemical, 

the lowest was used. This is the same methodology used by Long and Morgan (1991) and Long et al. 

(1995) to derive sediment benchmark values (Section 3.4.2.2). As acknowledged by Will and Suter (1994) 

these benchmark values are conservative and do not consider site-specific soil characteristics that can affect 

plant toxicity. Benchmark values used to identify soil COCs for terrestrial vegetation are summarized in 

Table 3-l 7. 
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Invertebra& 

Surface soil inorganic COCs for soil invertebrates were identified by comparing inorganic concentrations to 

background concentrations. Inorganic chemicals that exceeded background concentrations were then 

compared to soil threshold values protective of soil invertebrates. Chemicals present in concentrations in 

excess of these benchmark values were regarded as final soil COCs with respect to these receptors. 

-.. i 

Few benchmark values are available for soil invertebrates. Values obtained from the literature were used 

to identify’inorganic COCs but endpoints to evaluate impacts of organic compounds in soil on these 

receptors had to be derived. In these instances, a computer program developed by USEPA (ECOSAR; 

USEPA, 1992~) was used to predict benchmark values for these contaminants. This program includes a 

series of models based on quantitative structure-activii relationships (QSAR) that permits the prediction of 

toxicity endpoints for a chemical based on the known toxicity of related chemicals to earthworms. 

Chemical-specific parameters used to make these predictions include log KoW, melting point, molecular 

weight, and the chemical’s solubility in water (USEPA, 1992). Endpoints predicted by these models were 

14day LC,, (mg/L). These values were transformed by dividing by 100 (see Section 3.4.2.1) and were then 

compared to site-specific concentrations of organic chemicals predicted be present in soil moisture at a 

given location. 

Using the fraction of organic carbon (foe) measured in surface soil samples, the following equation was used 

to determine site-specific concentrations of organic compounds present in the soil moisture: 

Soil Moisture Chemical Concentration (mg/L) = 
Soil Chemical Concentration (mg/kg) 

Benchmark valves used to identify soil COCs for soil invertebrates are summarized in Table 3-17. 

Terrestrial Vertebrates 

As was the case for terrestrial vegetation and soil invertebrates, soil inorganic COCs for wildlife were 

identified by comparing concentrations of inorganics present in surface soil samples to background 

concentrations. The concentration of all inorganics that exceeded background concentrations and all 

organic compounds collected from a given location were then used to calculate conservative doses (see 

Section 3.4.4.2) that could potentially be received by various wildlife species through incidental ingestion 

of soil. 
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In addition’ to direct consumption of soil, potential risks to vertebrate receptors resulting from the 

consumption of prey were also evaluated. Chemical concentrations in soil were used to predict tissue 

concentrations of chemicals in earthworms. These predicted values were then used to predict tissue 

concentrations in small mammals (i.e., the short-tailed shrew) that preyed upon these types of organisms. 

Methods used to derive the exposure point concentrations in tissue are discussed in Section 3.4.4.1. These 

predicted tissue concentrations were used to calculate the potential dose received by vertebrate predators. 

These predicted doses were compared to benchmark values protective of these receptors in order to 

evaluate potentials risks associated with this exposure pathway. Chemicals present in concentrations in 

excess of these benchmark values were regarded as final soil COCs with respect to terrestrial wildlife. The 

process used to develop benchmarks was described in Section 3.4.2.1. Benchmark valves used to identify 

COCs for terrestrial invertebrates are summarized in Table 3-17. 

3.4.3 Basewide Conceptual Model 

This section discusses the CSM for chemicals associated with the NSB-NLON. A CSM facilitates consistent 

and comprehensive evaluation of the risks to ecological receptors by Freating a framework for identifying 

the paths by which ecological receptors may be exposed to various NSB-NLON contaminants. The CSM 

outlines potential sources of contamination, release mechanisms, receiving media, fate and transport 

mechanisms, routes of exposure and ecological receptors. Ultimately, the CSM depicts the relationship 

between the elements necessary to construct a complete exposure pathway, by considering the following: 

l Sources of contamination and receiving media 

0 Potential exposure pathways 

0 Complete exposure pathways 

l Ecological endpoints 

Several sources of contamination have been identified on NSB-NLON. The base was known to produce, 

handle, and dispose of wastes. Accidental spills from production and disposal practices included releases 

of chemicals into landfills, ponds, and storage tanks, have contributed to an increased presence of COCs 

in various media, potentially affecting the local environment. Many chemicals found in the soil or 

groundwater can be traced to specific processes, disposal areas, or storage facilities (tanks and basins) and 

may be the result of leaks, spills, seepage, or accidents such as fires or explosions. However, sites like the 

Area A Wetlands, which were artificially created with dredge spoil from the Thames River, may also contain 

chemicals from sources other than the NSB-NLON. 

D-01-95-10 3-78 CT0 129 



Revision 1 
March 1997 

Contaminant sources include contaminated soil. Chemicals may be released from this source by 

mechanisms such as volatization, wind or water erosion, or leaching to the subsurface. Once released from 

the source, chemicals are transported in media such as air, surface water, or groundwater. Receptors may 

be exposed either directly or indirectly to chemicals in these media via a variety of mechanisms or pathways 

such as ingestion of plants and animals growing on or in contact with contaminated soil, incidental 

ingestion of soil, etc. 

3.4.3.1 Sources and Receiving Media 

As described in Section 1.0, there are thirteen sites of concern at NSB-NLON. Each of these sites may 

release ch~emicals, resulting in contamination of media in the immediate vicinity of the site as well as possible 

contamination of distant areas (e.g., via surface water run-off). 

Soil represents the primary source of chemicals at NSB-NLON. Chemicals may be released from this source 

by volatilization, wind erosion, and soil runoff. 

Gases 

NSB-NLON contaminants include both volatile and semivolatile organic chemicals. Because of their volatile 

nature, thlese chemicals may enter the atmosphere and be carried to other areas on the facility as well as 

offsite locations. Air can, therefore, serve as both a potential transport and an exposure medium. 

Surface Water/Sediments 

Chemicals released from soil may enter surface water via wind erosion and runoff. Soil particulates 

entrained in runoff could be removed from the site if the topography allows. Contaminants entrained in the 

suspended sediment or dissolved in the surface water represent potential risks to aquatic organisms coming 

in contact with material that may have been carried to water bodies associated with NSB-NLON (e.g., 

Thames River; Area A Downstream Watercourses/OBDA). 
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Leachina to Groundwater 

Another potential migration pathway is the leaching of soluble constituents from the soil. Infiltrating 

precipitation may transport constituents found in the surface soil Into the subsurface soil and the 

groundwater table. Ecological receptors could be exposed to chemicals present in the groundwater once 

it enters into surface water bodies. 

3.4.3.2 Potential Exposure Pathways 

An ecological receptor can come into contact with chemicals in a variety of ways, generally as a the result 

of the receptor’s behavior and the presence of an exposure medium. Potential exposure pathways to site- 

related contaminants include: (1) inhalation of contaminated dust or air, (2) absorption or ingestion of 

contaminants from surface waters, (3) ingestion or absorption from suspended sediments, bedded 

sediments, and interstitial (pore) water, and (4) incidental ingestion of soil contaminants by terrestrial 

organisms and indirect uptake via the food chain, and exposure of transient species to contaminated soils. 

Exposure routes considered in this BERA are described below. 

Air - 

This potential pathway is based on the presumption that a receptor is immersed in air containing suspended 

particulates and volatile organic vapors originating from various locations on the NSB-NLON; subsequent 

exposure of the receptor occurs upon inhalation of the ambient air. All air-breathing species could be 

exposed through airborne releases of vapors or dusts. Chronic exposure to low levels of volatile 

compounds is possible. Wind-blown deposition of particles from contaminated areas to vegetation, surface 

water or soils, is another potential exposure pathway. However, because most areas on the NSB-NLON are 

well vegetated or covered (i.e., parking lots), this exposure pathway is of limited importance to most 

ecological receptors and was not evaluated as part of this ecological risk assessment. 

Surface Water 

Exposure to contaminants through contact with surface water takes into consideration aquatic environments 

associated with open waters (e.g., streams in Area A Downstream Watercourses/OBDA) and associated 

Area A Wetlands. Surface waters in the developed sections of the site are all collected by an extensive storm 

sewer system and discharged to the Thames River. These sections of the site are mostly covered by 
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buildings and pavement runoff is not believed to come into contact with chemicals present in soils in these 

areas. 

Potential exposure pathways for ecological receptors inhabiting or utilizing this medium include direct 

contact with and ingestion of surface water. Potential ecological receptors include aquatic 

emergent/submerged vegetation, benthic macroinvertebrates, amphibians, and residing or transient birds, 

and mammals. 

Sediments, 

Contaminated sediments are associated with the Thames River, the wetlands and streams associated with 

Area A Wetland, the Weapons Center, and the waterbodies in the Area A Downstream Watercourses/OBDA. 

Potential receptors include benthic infaunal species, small mammals, and waterfowl. Potential routes of 

exposure of aquatic receptors to contaminants in this media include direct contact with and/or ingestion 

of sediments and/or prey. 

Surface So& 

Terrestrial ecological receptors may be exposed to soils through direct contact, ingestion of soils and/or 

plants, and food chain uptake. Aquatic receptors may come into contact with soil as a result of surface 

water runoff carrying entrained particles to local water bodies. Aquatic receptors may be exposed to these 

chemicals via direct contact, incidental ingestion of sediments, or ingestion of prey. 

3.4.3.3 Complete Exposure Pathways 

An exposure pathway is considered to be complete if it is determined that there is 1) a release of chemicals 

from a source; 2) an exposure point where contact can occur; and 3) an exposure route by which ecological 

receptors may uptake contaminants. This section summarizes the complete exposure pathways evaluated 

in the BEFlA which are described below and summarized in Figures 3-8, 3-7, and 3-8. Risks to ecological 

receptors were calculated for each complete exposure pathway. 

Exposure to Surface Water 

This pathway was considered complete for aquatic biota (e.g., macroinvertebrates) inhabiting onsite water 

bodies, as, well the Thames River and Goss Cove. Terrestrial receptors inhabiting the NSB-NLON may be 
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exposed to chemicals present in various onsite water bodies via ingestion of drinking water. This pathway 

is not applicable to the Thames River and Goss Cove; it is unlikely that terrestrial receptors would use the 

river in the vicinity of the NSB-NLON as a source of drinking water due to its brackish nature. 

-4 

Direct Contact and/or Incidental lnoestion of Sediments 

As previously discussed, it is possible that receptors such as benthic biota or waterfowl may come in 

contact with chemicals that may have washed into various onsite water bodies and the Thames River. These 

organisms may come in direct contact with chemicals present in these sediments or they be exposed 

indirectly (incidental Ingestion of sediments or prey). 

Incidental lnoestion of and Dermal Contact with Soil 

Ecological receptors may be exposed via incidental ingestion of soil. Soil invertebrates may be exposed 

via dermal contact with soil. While terrestrial vertebrates may be exposed to contaminants via dermal 

contact, this exposure pathway is not believed to be significant for these receptors in that most are covered 

with fur or feathers, limiting the about of soil that may come into direct contact with the skin. Instead, these 

receptors are much more likely to be exposed through incidental ingestion while grooming or foraging for 

food. 

Ingestion of Contaminated Prey 

Chemicals may also be present in prey consumed by the ecological receptors inhabiting the NSB-NLON 

and the Thames River. Chemicals present in soil may be subsequently transferred into prey tissue (e.g., soil 

invertebrates or small mammals). Predators feeding on these prey organisms are eventually exposed. 

3.4.3.4 Ecological Endpoints 

As discussed in the Ecological Risk Assessment Guide (USEPA, 1994d), one of the major tasks in the 

Problem Formulation step of an ecological risk assessment is to identify assessment and measurement 

endpoints. An assessment endpoint is defined as ‘an explicit expression of actual environmental values that 

are to be protected” (USEPA, 1994d). Measurement endpoints are “measurable responses to a stressor 

that are related to the valued characteristics chosen as the assessment endpoints” (Suter, 1990). The CSM 

described above provides an indication of how chemicals associated with activities at NSB-NLON might 

come in contact with ecological receptors. The model also provides an indication of the relationship 
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--. ;- between assessment and measurement endpoints identified for NSB-NLON. For this assessment, ecological 

risk asses.sment endpoints include any likely ecological effects associated with complete exposure pathways. 

The maintenance of receptor populations served as the assessment endpoint considered for this BERA. 

Therefore, one of the specific objectives of this assessment was to determine if chemical concentrations in 

soil, surface water, and sediments are likely to result in declines In receptor populations. Declines in 

populations could result in a shfft in the demographic structure of the community, effectively resulting in a 

shift in community structure and possible elimination of resident populations. 

Measurement endpoints selected to determine whether or not these populations may be adversely impacted 

included endpoints indicative of potential adverse reproductive impacts. As discussed in Section 3.4.3, 

contaminants have been identified in soil, sediment, groundwater, and surface water samples collected from 

various locations on NSB-NLON. For ecological receptors that may come in contact with these media, 

conservauve benchmarks were utilized to evaluate potential impacts of associated chemicals. The 

benchmairks developed for this BERA were based on values that were indicative of impacts to the 

reprodud:ive success of receptor organism populations (Section 3.4.2). 

A+---.. -- In addition to these benchmark values, results of macroinvertebrate community studies, sediment toxicity 

tests, earthworm toxicity tests, frog embryo-larval toxicity tests, and tissue analyses also served as 

measurement endpoints to assess potential impacts to populations of receptor organisms. 

Receptor Oraanisms 

Representative species should be selected from those ecological guilds that may potentially be maximally 

exposed 1:o and/or impacted by chemicals associated with the NSB-NLON. Additional criteria for selection 

includes sensitivity of the representative species, availability of data for the representative species, the 

relationshlip of the representative species to the species or functional group being evaluated, consistency 

of exposure scenarios with the species or functional groups being evaluated, and the availability of suitable 

test protocols should testing be necessary as pan of a validation study. 

;-- 

Representative receptors organisms were selected based on a review of the habitat and communities 

associated with the NSB-NLON and the complete exposure pathways between contaminants and potential 

receptor organisms. To assess potential risks, aquatic biota, terrestrial vegetation, and terrestrial soil 

invertebrates were selected as representative species to assess potential impacts to ecological receptors 
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associated with the NSB-NLON. In addition, the following vertebrate species were selected to serve as 

representative receptor species for the NSB-NLON: 

Short-Tailed Shrew 

The short-tailed shrew (Sorexsp.) is a representative small mammal found in this portion of Connecticut and 

its behavior, feeding patterns, etc. are similar to those of small mammals that may utilize this area. The short 

tailed shrew inhabits a wide variety habitats, but most are characterized by cool, moist areas with abundant 

vegetative cover (Miller and Getz, 1977; Randolph, 1973). The short-tailed shrew feeds primarily on insects, 

earthworms, slugs, and snails, although plants, fungi, millipedes, centipedes, arachnids, and small mammals 

are also consumed (Hamilton, 1941; Whitaker and Ferraro, 1963). Small mammals are only consumed when 

invertebrates are not available. Short-tailed shrews inhabit round, underground nests and runways which are 

primarily confined to the top 10 cm of soil, but can be as deep as 50 cm. The short-tailed shrew stores food, 

especially during fall and winter (Hamilton, 1930; Martin, 1984). Short-tailed shrews consume only 10% of 

their prey; up to 86% is cached (Robinson and Brodie, 1982). The food ingestion of the short-tailed shrew 

was measured to be 7.95 g/day, and food consumption is approximately 40% greater in the summer than 

in the winter. Inhalation (0.026 m3/day) and surface area (54 cm*) were estimated using equations based 

on body weight that were developed by Stahl (1967) as reported in EPA (1993a) (Table 3-27). 

Raccoon 

The raccoon (Carnivora procyonidae) was selected as an ecological receptor for the NSB-NLON because 

it is common in the area and frequents aquatic habitats (e.g., Area A Downstream Watercourses/OBDA). 

Additionally, the raccoon’s life history and ecology is similar to that of other opportunistic mammals. 

Raccoons are omnivorous and opportunistic feeders that feed primarily on fruits, nuts and corn, but also 

eat insects, grains, frogs, crayfish, and virtually any animal or vegetable matter. Raccoons are common near 

aquatic habitats (for foraging and drinking), frequent dumps, and inhabit developed areas. The following 

information on the raccoon was obtained from USEPA (1993a) and is summarized in Table 3-27: a body 

weight of 3,690 grams (Johnson, 1970); food ingestion rate of 135.6 g/day (estimated using USEPA, 1993a); 

inhalation rate of 2.17 m3/day (USEPA, 1993 - estimate); skin surface, 3,414 cm2 (USEPA, 1993a - estimate). 
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Red-Tailed Hawk 

The red-tailed hawk (Btieo jamaicensis) is a representative avian predator for the terrestrial habitats 

(wetland, old field, and woodland) found at the NSB-NLON and its behavior, feeding patterns, etc. are similar 

to other predaceous birds that may utilize this area. This large raptor feeds primarily on small mammals 

(mice, squirrels, and rabbits) and is expected to nest in the NSB-NLON area. The hawk is commonly 

observed soaring over open farmland, fields, and desert but does most of its actual hunting from perches 

such as tellephone poles, fence posts, trees, and rock outcrops (MacMahon, 1987). The following information 

on the red-tailed hawk was obtained from USEPA (1993a) and is summarized in Table 3-27: a body weight 

of 1,028 grams (Craighead and Craighead, 1956); food ingestion rate of 102.8 grams/day (Craighead and 

Craighead, 1956); inhalation rate of 0.42 m3/day (estimated from Lasiewski and Calder, 1971); skin surface, 

1021 cm2 (estimated from Waldsberg and King, 1978). 

Herring G~ulls 

The herring gull (Lams argenfarus) was selected as an ecological receptor for the riverine area because it 

is representative of opportunistic carnivorous birds and is known to inhabit the Thames River in the vicinity 

of the NSB-NLON. 

Nesting colonies of herring gulls in the northeastern United States are found primarily on sandy or rocky 

offshore or ‘barrier beach islands (Kadec and Drury, 1968). Also, herring gulls in the northeast U.S. are 

generally migratory (Burger, 1982; Pierotti, 1988). Herring gulls feeding habiis are defined primarily by 

availability, but generally consist of fish, squid, crustacea, molluscs, worms, insects, small mammals, and 

birds, duck and gull eggs, chicks, and garbage (Bourget, 1973; Burger, 1979; Fox et al., 1990; Pierotti and 

Annett, 1987). However, individual pairs of herring gulls have been reported to specialize on foraging for one 

type of food (Pierotti and Annett, 1987; 1991). Herring gulls feed at sea by aerial dipping and shallow diving 

around prey concentrations (McCleery and Sibly, 1986; Perotti, 1988). Herring gulls that feed at sea often 

may range tens of kilometers from their nest to forage, while those feeding in the intertidal zone may travel 

less than one kilometer (Pierotti and Annett. 1987; 1991). The following information on the herring gull was 

obtained from USEPA (1993a) and is summarized in Table 3-27: a body weight of 951 grams (Norstrom et 

al.. 1986); food ingestion rate of 200 grams/day (estimated from Pierotti and Annett, 1991); inhalation rate 

of 0.41 mP/day (estimated from Lasiewski and Calder, 1971); skin surface, 1001 cm2 (estimated from 

Waldsberg and King, 1978). 
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Mallard Duck 

The mallard duck (4.na.s plefyr~ynchos) was chosen as an ecological receptor for the freshwater ponds and 

wetlands. Its ecology makes it representative of other ducks and waterfowl that may use the NSB-NLON 

area. 

Mallards preferentially feed in natural bottomland wetlands and rivers and water depths of 20 to 40 cm of 

the water depths are optimal for feeding. This species feeds off the bottom of wetland and riverine areas 

by submerging its bill to pick seeds of plants from the sediments, making it susceptible to incidental 

Ingestion of contaminants in sediments. In addition to seeds, mallards also feed on aquatic invertebrates 

and insects, and other plant matter. The composition of the mallard’s diet varies cyclically with the seasons. 

The following information on the mallard was obtained from USEPA (1993a) and is summarized in Table 3- 

27: a body weight of 1,043 grams (Nelson and Martin, 1953); food ingestion rate of 59.8 g/day (estimated 

using USEPA, 1993); inhalation rate of 0.42 m3/day (estimated from USEPA, 1993a); skin surface, 1,030 cm2 

(estimated from USEPA, 1993a). 

Double-Crested Cormorant 

The double-crested cormorant (Phalacrocorax aurifus) is a representative piscivorous avlan predator found 

on the Thames River near the NSB-NLON. Its behavior, feeding patterns, etc. are similar to diving birds that 

may utilize this area. The double-crested cormorant nests in rocky areas and stands of trees near water 

(both salt or freshwater systems). The double-crested cormorant remains near the coast and feeds in 

shallow water (c5-8m), eating a variety of fish taken from fresh and saltwater bodies (Croxall, 1987). The 

ecology of the double-crested cormorant is similar to that of other pisclvorous birds living near NSB-NLON. 

In extreme northern areas, the double-crested cormorant winters in southern areas of its home range 

(Terre% 1991). The food ingestion of the double crested cormorant was estimated to be 94 g/day using 

an allometric equation based on body weight. Similarly, inhalation (0.72 m3/day) and surface area 

(1,800 cm2) were estimated using equations developed by Stahl (1987) as reported in USEPA (1993a) 

(Table 3-27). 

Barred Owl 

The barred owi (Strix varia) is a representative nocturnal avian predator for the wooded terrestrial habitats 

found at the NSB-NLON and its behavior, feeding patterns, etc. are similar to other predaceous birds that 

may utilize this area. The barred owl is commonly found in deep, deciduous, swampy woods such as those 
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associated with the Area A Downstream Watercourses/OBDA and was selected as an ecological receptor 

for these habitats. The barred owl feeds primarily on mice, but also feeds on many other small mammals 

and birds. The barred owl typically nests in tree cavities and abandoned nests (Terres, 1991) and is 

expected to nest in the NSB-NLON area. The barred owl does not migrate and is active resident year round. 

Food ingestion was estimated to be 43 g/day using an allometric equation based on body weight (Nagy, 

1987). Simlilarly, inhalation was estimated to be 0.38 m3/day (Lasiewski and Calder, 1971) and surface area 

was estimated to be 40 cm2 (Waldsberg and King, 1978; Table 3-27). 

Macroinvertebrate Commun*kv Analyses 

The macroinvertebrate community in the Thames River and in the waterbodies in the Area A Downstream 

Watercourses/OBDA were sampled as part of the Phase II RI and the Phase II RI Supplemental Ecological 

Investigation. The methods described below were used to evaluate these communities. 

Shannon-Weaver Diversity Index 

The Shannon-Weaver diversity index was used to characterize species diversity which is a function of the 

number of species per sample and the evenness with which individuals are distributed among the species. 

It is calcul,ated as: 

where: H = Shannon-Weaver diversity index 
t = total number of taxa 
p = proportion of individuals belonging to the ith taxa 
i = individual taxon 

The higher the value of the Shannon-Weaver index, the more diverse the community. Boesch (1972) and 

Swartz (1972) have shown that diversity generally decreases with decreasing water quality but low diversity 

may be caused by factors other than water quality such as extremes in weather conditions, poor habitat, 

or seasonal fluctuations (USEPA, 1992~). 
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Community Biotic Index Rating , 

The community biotic indices use pollution tolerance scores for a given taxon that are then weighted by the 

number of individuals assigned to each tolerance value. Although the use of community indices is generally 

limited to lotic systems (i.e., streams and rivers) impacted by organic (e.g., nutrient enrichment) pollution 

(USEPA, 1992c), community indices were calculated for all locations sampled as part of this program. The 

community biotic index ratings were calculated using the Hilsenhoff Biotic Index. Values range between 0 

and 11, with lower values being indicative of less impacted systems (Hilsenhoff, 1987). 

EPT Index 

The EPT Index is the total number of distinct taxa within the orders Ephemeroptera, Plecoptera, and 

Trichoptera. This index generally increases with improving water quality. This index summarizes taxa 

richness within the insect orders that are generally considered to be indicative of good water quality (i.e., 

that are pollution sensitive). Headwater streams that are naturally unproductive may experience an increase 

in taxa (including EPT taxa) in response to organic enrichment (USEPA, 1990). The EPT index is generally 

more suitable for evaluating lotic (stream) rather than lentic (pond) habitats. 

Ratio of EPT to Chironomidae 

The ratio of EPT to Chironomidae uses the relative abundance of these indicator organisms as a measure 

of community balance. Good biotic conditions are reflected in communities that have a fairly even 

distribution among all 4 of these major groups, with ‘substantial” representation among the Ephemeroptera, 

Plecoptera, and Trichoptera (USEPA, 1990). Systems with skewed populations will have a disproportionate 

number of the generally tolerant Chironomidae relative to the more sensitive Insect groups (i.e., a low ratio), 

suggesting that these systems are environmentally stressed. As was the case with the EPT index, the ratio 

of EPT to Chironomidae is more appropriately applied to streams and rivers, rather than to ponds. 

Ratio of Shredders to Total Numbers of Individuals 

A comparison of the relative abundance of shredders to the total number of individuals provides an 

indication of potential impairment of a system. Shredders are generally regarded as being sensitive to 

riparian zone impacts and are particularly good indicators of toxic effects when toxicants can be readily 

absorbed to detritus and other organic material, which serves as the food source for these organisms 

(USEPA, 1990). A low ratio of shredders is indicative of stress. 
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-- / Ratio of Scrapers to Filtering Collectors 

The relative abundance of scrapers and filtering collectors in riffle/run habitat provides an indication of 

periphyton production and the availability of fine, suspended organic matter often-associated with organic 

enrichment (USEPA, 1990). Scrapers typically increase in abundance with increases in diatom production 

and decrease in the presence of filamentous algae: which are associated with organic enrichment. 

Filamentous algae also provide good attachment sites for filtering collectors and are associated with 

conditions that promote an increase in the concentrations of fine particulate matter (i.e., organic enrichment) 

which serves as a food source for this group of macroinvertebrates (USEPA, 1 !&IO). Therefore, a high ratio 

is indicative of an unstressed system. 

Index of Similarity to Reference Locations 

The Index of Similarii was used to compare the similarity between the benthic communities at a reference 

and a study site, with high similarity indicating little change, or impact, between two sites. This type of index 

is commonly applied in situations when it is desirable to determine if community assemblages have shifted 

along a stream gradient or above and below a source of contamination (USEPA, 1990). The index of 

Similarity (SI) was calculated as follows: 

SI2E 
A+B 

where: A equals the number of species at Site 1, 

B equals the number of species found at Site 2, and 

C equals the number of species common to both sites. 

An SI of 65 to 7.0 indicates good similarity 

Indicator Species 

One of the earliest approaches to assessing pollution impacts to benthos was to evaluate for the presence 

of hardy and opportunistic species which tolerate stress better than other species. This approach has only 

limited usefulness, however, since many of these opportunistic species may also be present in unstressed 

assemblages. This information was employed in a qualitative manner, when information for a particular 

species could be identified. 
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Although a systematic classification of opportunistic species does not exist, several investigators have 

classified benthic species as opportunistic for different environmental settings and conditions (Dauer, 1993; 

Boesch, 1977b; Pearson and Rosenberg, 1978). These species include relatively short-lived species that are 

tolerant of a wide variety of conditions and dominate disturbed or distressed habitats. 

Bray-Curtis Measure of Similarii 

The Bray-Curtis values (B) are calculated as: 

B= l- 

where: xl and x2 are the number of individuals of the jth of n species for any two stations, respectively. 

In addition, because this measure is sensitive to occasional outstanding values, a square root 

transformation was first performed on the benthic data (Clifford and Stephenson, 1975; Pearson 

and Rosenberg, 1978). The Bray-Curtis index can range between 0.0 and 1 .O, where values 

approaching 0.0 are dissimilar, and values approaching 1.0 are similar. 
-M 

Expected Number of Taxa 

A benthic invertebrate regression model developed as part of the USEPA’s Environmental Monitoring and 

Assessment Program (EMAP) was used to evaluate whether the number of observed taxa at Thames River 

stations sampled during the Phase II RI reflect stress-free conditions (USEPA, 1994c). The model assumes 

that in the absence of chemical contaminants or low dissolved oxygen, the “expected” number of species 

will represent the response of the benthos to estuarine gradients in salinity and total organic carbon. The 

model calculates the expected number of species (E) as: 

E = 8.25 + (3.87E-4 l Tot) - (i.QE-08 1 TO@) + (0.784 . sdn@j - (1.25E-3 l saMty’) - (2.031E-5 a TOC I salin@ 

where: TOC = total organic carbon in sediment, percent 

salinity = salinity of water column near bottom, ppt 
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Statistical Analyses 

The analysis also accounted for effects related to physical properties of the sediment. This assessment 

examined the statistical relationships among chemical concentrations in sediments, sediment characteristics 

such as TlOC and grain size, and benthic community parameters such as total number of taxa per station, 

mean nurnber of individuals per sample, and Shannon-Weaver diversity index. It did not account for 

geographical relationships among stations (i.e., upstream, downstream) or proximity to the NSB-NLON. 

While thesie statistical analyses cannot provide direct evidence of ecological impact (e.g., a cause and effect 

relationshiip), they help to identify associations between chemicals, benthic organisms, and sediment 

physical properties. The results of these analyses are summarized in Appendix G.3. 

A zero order correlation matrix was used to evaluate potential linear relationships between the benthic 

community parameters, sediment chemistry, and sediment characteristics. A “zero-orde< analysis does not 

account for sample covariance (e.g., when sediment chemistry and community parameters are correlated 

to each other and to sediment characteristics such as grain size). In addition, partial correlations were 

calculated to evaluate the linear association between community parameters and sediment chemistry, while 

adjusting for the linear affects of sediment characteristics, such as grain size (?%, silt/clay) and total organic 

carbon. 

Sediment Triad 

As discussed in Section 2.7, sediment samples were collected and analyzed in April 1995 (Phase II RI 

Supplemental Ecological Investigation) from the Area A Downstream Watercourses and OBDA. In addition 

to chemical analyses, the toxicity of each sediment sample to two freshwater macroinvertebrate species and 

frog embryos was determined. The macroinvenebrate community present at each of these locations was 

also characterized during this sampling period These three types of data (chemical concentrations, 

toxicity, and macroinvertebrate community characteristics) were used to qualitatively describe the sediment 

quality associated with each of the waterbodies sampled The method used to incorporate these data is 

referred to as the “Sediment Triad Approach” (Triad) and is commonly applied to identify areas where 

pollution-imduced degradation is occurring within a system and to rank areas for possible remediation. 

. 

The three components of the Triad provide complimentary data: no single component can be use to predict 

the measures of the others. For instance, chemical data provide an indication of the degree and extent of 

contamination but can not accurately predict biological effects (USEPA,1992c). Differences in 
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macroinvertebrate community structure may be due to chemical contamination or may simply refiect 

physical differences (e.g., light or thermal regime, sediment type, etc.) between two locations. 

The three components of the Triad integrate biological and chemical data. In doing so, the Triad provides 

the strongest evidence for identifying pollution-induced degradation to a system. If chemical concentrations 

and mortality are high and macroinvertebrate populations low for a given location, then the burden of 

evidence indicates degradation (USEPA, 1992~). 

The following assumptions are generally made when applying the Triad approach (USEPA, 1992c): 

l the approach allows for (1) interactions between contaminants with in sediments (e.g., 

additivii, synergism,etc.); (2) actions of unidentified contaminants; and (3) the effects 

of environmental factors on biological responses (e.g., current velocity, etc.) 

0 chemical concentrations are appropriate indicators of overall chemical contamination 

0 toxicity tests and macroinvertebrate community parameters are appropriate indicators 

of biological effects. 

Several procedures exist for evaluating Triad data including ranking, multiple regression, and principle 

component analysis (Canfield, et al. ,1994). Ranking methods developed by Kreis (1988) were used to rank 

the sediment chemistry, toxicity, and macroinvertebrate data collected from the Area A Downstream 

Watercourses/OBDA in April 1995. In applying this method, values for each individual variable considered 

in developing the Triad were scaled proportionally between 1 and 100; a value of 1 was assigned to the 

lowest and 100 assigned to the highest effect or chemical parameter recorded at a given station. This 

scaling method retains the relative magnitude of difference between measurements and results, permits a 

consistent scaling between different types of variables, and allows ail data collected from a station to be 

integrated, so that a final rank can be assigned to each station (Canfield, et al., 1994, Kreis, 1988). 

As recommended by Kreis (1988), ranks were assigned to the various Triad components as follows: 

l each individual component measured at all stations (e.g., concentrations of copper) was 

listed in a column and scaled from high to low 
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0 all scaled values for each station (i.e., each row) were summed for each generic 

parameter (e.g., chemical concentrations) 

0 the resulting sum for each station (row) was then scaled for that generic parameter. 

This approach results in a scaled value for each generic variable (toxicity, chemistry, and macroinvertebrate 

community structure) considered in the Triad. The scaled values range between 1 and 100. These values 

were added to produce a final total rank for each station. The final ranks assigned to each station provides 

an indication of the sediment quality associated with each location investigated. The procedures used to 

assigned scaled ranks to each parameter are described in greater detailed below. 

Chemical Ranks 

Only the 7 onsite water bodies and 4 reference water bodies sampled as part of the Phase II RI 

Supplemental Ecological Investigation (April 1995) were used to determine chemical ranks. These water 

bodies are referred to as stations in the remainder of this section. These stations were separated into two 

groups (ponds and streams), and were ranked within their group. The maximum chemical concentrations 

reported fior Niantic Pond and Stream 2 were used to assign ranks to these two locations. 

Eighteen inorganic contaminants detected in these samples were individually scaled as described above. 

Several chemicals (e.g., calcium, magnesium, potassium, and sodium) were considered nutrients and 

eliminated from the ranking process. The following equation was used to scale these data (Kreis, pers. 

comm.): 

Rank=1 + gg*( value to be ranked - lowest value of group) 
(highest value of group - lowest value of gmq.i) 1 

If a chemical was not detected at a station, then the station was excluded from the scaling process for this 

chemical. When a chemical was detected at only one station, that station was assigned a rank of 100. As 

described above, ranks assigned to the individual inorganic chemicals were summed by station to create 

a total ino,rganic chemical rank each station by group (pond and streams). 

Ranking the stations for organic chemicals detected in these samples was carried out in an identical fashion. 

A total of 36 individual organic chemicals was considered. The organic chemical ranks were based on bulk 
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-. 
sediment chemistry; total organic carbon was not used to determine site-specific concentrations of 

=v 
biologically available organic contaminants. 

A total chemical sum was calculated by summing the organic chemical and inorganic chemical ranks for 

each station. 

Toxicity Ranks 

Three different toxicity tests were performed on sediment samples collected In April 1995 (Section 2.7). 

These tests included lo-day sediment toxicity tests for Hyalella azteca and Chironomus tenfans and a FETAX 

(Frog Embryo Teratogenesis Assay Xenopus) study. Percent mortality in the Hyalella azteca and 

Chironomus tentans was the only endpoint that was ranked for the lOday toxicity tests. Three endpoints 

(% mortality, % malformations, and mean growth) were ranked for the FETAX study. These toxicity test 

results were separated into two groups, ponds and streams, and were ranked within their group. 

The ranking of percent mortality (all tests) and percent malformations were performed in an identical fashion 

to that described to scale the chemical data. The mean growth endpoint of the FETAX study was 

transformed before ranking. This was done to make the ranking system consistent across the three 

components of the Triad approach (chemical analysis, toxicity testing and macroinvertebrate community 

structure). This transformation was accomplished by inverting the mean growth value (i.e., 1 /mean growth). 

Inverting mean growth resulted in those stations exhibiting the least growth receiving the highest rank and 

stations with more growth were assigned lower ranks. This approach resulted in stations that were 

exhibiting adverse impacts (elevated chemical concentrations, high % mortality, low mean growth, low taxa 

number, etc.) to always be ranked high (towards 100). After transformation, the mean growth FETAX data 

were sorted and ranked using the equation given above in the same manner as the Inorganic chemical data. 

The ranks of the 5 toxicity test end-points were summed to create a toxicity test rank for each station. 

v 

Macroinvenebrate Community Structure Ranking 

The same 11 stations were also assigned ranks based on macroinvertebrate community structure. These 

stations were ranked for taxa richness, density and the Shannon-Weaver Diversity Index. 

As described above, all three of these parameters were transformed by (1 /X) before ranking. Inverting these 

macroinvertebrate community parameters results in stations with the least taxa, diversity or density of 

organisms being assigned the highest rank; stations with greater numbers of taxa, and higher diversity or 
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density of organisms were assigned lower ranks. For the Shannon-Weaver diversity index (H’), a default 

value of 0.001 was used when H’ = 0 in order to make the transformation and subsequent ranking possible. 

After the community structure data was transformed, it was sorted high to low values and ranked as 

described above. The ranks of the 3 community structure parameters were summed to create a community 

structure :sum for each station. 

Overall Ranking 

The total chemical rank, toxicity test rank, and community structure rank for each station was then ranked. 

Ranking was performed with the two groups (ponds and streams). This resulted in a total chemical scaled 

rank, toxicity test scaled rank and community structure scaled rank for each of the 11 stations. An overall 

ranking, which encompassed all three components of the sediment Triad, was calculated for each sampling 

station by its summing the total chemical, toxicity test, and community structure scaled ranks for each 

station and ranking the final values. 

- -- 
3.4.4 Exposure Assessment 

The exposure assessment defines and evaluates exposure of receptor organisms to contaminants. In order 

for a receptor to be exposed to a contaminant, several factors must be present; first, there must be a source 

and release of contamination; second, there must be an exposure point by which a receptor can come into 

contact with the contaminants; and third, there must be route of exposure by which ecological receptors 

come in contact with the contaminated medium. 

This section of the BERA the defines the contaminant concentrations at the point of exposure and presents 

the equations used to quantify exposure in terms of contaminant intake (dose). 

3.4.4.1 Exposure Point Concentrations 

With the exception of contaminants present in soil invertebrates (earthworms) and small mammals (shrews), 

all contaminant concentrations used in the exposure assessment were based on measured (maximum or 

UCL. and average) concentrations. Methodologies used to predict contaminant concentrations in soil 

invertebrates and small mammals are discussed in detail below. 
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Quantffvina Chemical Concentrations Present in Surface Water 

All available qualified data collected from onsite waterbodies, the Thames River, and Goss Cove were used 

to determine exposure point concentrations. Surface water exposure point concentrations were determined 

by identifying the maximum concentration of contaminant present at a given location. When sufficient data 

were available, (e.g., n > lo), UCL values were calculated and used instead of the maximum concentration. 

When duplicate samples were collected at a sampling location, the average concentration of the two values 

(or l/2 the detection limit if one of the two samples was reported as “not detected”) was used to calculate 

the chemical concentration for this particular sampling event. In addition to evaluating risks due to exposure 

to the maximum concentration of a chemical, risks associated with exposure to the average chemical 

concentration were also assessed. Average exposure point concentrations were calculated using all 

positiiely detected, qualified data (or l/2 the detection limit when both detected and undetected 

concentrations were reported for a given analyte) collected from a site. 

The surface water exposure point concentrations for onsite locations and Goss Cove were based on 

waterbody. For instance, all data collected from Stream 1 were used to determine the maximum (or UCL) 

and average exposure point concentrations for this stream. However, because of the distance between 

sampling locations, surface water exposure point concentrations for the Thames River were based on 

measurements recorded at each station. rather than combining all data recorded from the river. 
w 

Quantifying Chemical Concentrations Present in Sediments 

All available, qualified, chemical data collected from onsite waterbodies, the Thames River, and Goss Cove 

were used to determine sediment exposure point concentrations. Sediment exposure point concentrations 

were determined by identifying the maximum concentration of chemicals present at a given location. When 

sufficient data were available, (e.g., n > 10). UCL values were calculated and used instead of the maximum 

concentration. Per discussions with USEPA Region 1 and CTDEP, when duplicate samples were collected 

at a sampling location, the maximum concentration of the two values was used to represent the 

concentration for this particular sampling event In addition to evaluating risks due to exposure to the 

maximum value of contaminant, risks associated with exposure to the average concentration of a 

contaminant present at a given location were assessed. Average exposure point concentrations were 

calculated using all positively detected, qualified data (or l/2 the detection limit when both detected and 

undetected concentrations were reported for a given chemical) collected from a site. 
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The sediment exposure point concentrations for onsite locations and Goss Cove were based on waterbody. 

For instanfce, all data collected from Stream 1 were used to determine the exposure point concentrations 

for this stream. However, because of the distance between sampling locations, sediment exposure point 

concentrations for the Thames River were based on measurements recorded at each station, rather than 

combining1 all data recorded from the river. 

Quantifvinlg Chemical Concentrations in Surface Soil 

All available qualified chemicals data collected from onsite locations were used to determine surface soil 

exposure point concentrations. Soil exposure point concentrations were determined by identifying the 

maximum concentration of contaminant present at a given location. When sufficient data were available, 

(e.g., n > lo), UCL values were calculated and used instead of the maximum concentration. Per 

discussions with USEPA Region 1 and CTDEP, when duplicate samples were collected at a sampling 

location, the maximum concentration of the two values was used to represent the concentration for this 

particular sampling event. In addition to evaluating risks due to exposure to the maximum value of an 

analyte, risks associated with exposure to the average concentration of a contaminant present at a given 

location were assessed. Average exposure point concentrations were calculated using all positively 

detected, (qualified data (or l/2 the detection limit when both detected and undetected concentrations were 

reported for a given chemical) were collected from a site. 

Estimatincl Chemical Concentrations in Prey 

Bioaccumulation factors (BAFs) were used to determine chemical concentrations in earthworm tissues. 

Values obtained from the literature were used to predict uptake of most inorganics. When literature values 

could not be identified, a conservative value of 1 .O was assumed. For organic compounds, the following 

equation (Markwell et al., 1989) was used to derived site-specific BAFs: 

Earthworm BAF = Y,(f,,)(O.SS) 

where: Y, = 

,foc = 

K = oc 

earthworm % lipid content 

fraction of organic carbon in soil 

carbon partitioning coefficient 

A lipid content of 8% was assumed for soil invertebrates based on the work of Stafford et al. (1988) on the 

earthworm Lumbricus terrestris. Table 3-28 summarizes BAF values and their sources. 
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The contaminant body burden for small mammals, as represented by the short-tailed shrew was determined 

as follows: 

Small mammal body burden = contaminant dosage (mg/kg/d)*contaminant transfer 

With the exception of DDT, DDE, and DDD, methods developed by Travis and Arms (1989) to predict the 

bioaccumulation of organic contaminants by cattle were used to predict the transfer factor for these 

contaminants by short-tailed shrews. DDT, DDD, and DDE transfer factors reported by Forsthe and Peterle 

(1984; 0.2) for shrews were used to predict body burden of these contaminants In this receptor. 

Values contained In Baes et al. (1984) to predict the uptake of inorganics by live stock also served as 

transfer factors for the short-tailed shrew. Applying the methods developed by Travis and Arms (1989) and 

Baes et al. (1984) required the assumption that no differences exist between the affinity of cattle and shrews 

for these types of chemicals. It is also assumed that the short-tailed shrews fed exclusively in 

contaminanted areas. Predicted shrew body burdens were used to predict the potential contaminant dose 

received by predators (red-tailed hawks and barred owls) from food. 

3.4.4.2 Determining Doses 

Conservative assumptions were used to provide an estimate of total doses received by terrestrial vertebrates. 

For instance, it was conservatively assumed that the area of use for potential terrestrial vertebrate receptors 

overlapped 100% with the site in question and that the chemicals were completely bioavailable. In addition, 

minimal body weights and maximum ingestion rates were used in formulas to calculate potential dose. 

As discussed in Section 3.4.4.1, exposures were based on the maximum (or UCL) and average 

concentrations (either measured or predicted) of chemicals in various environmental media. Exposure 

model parameters are presented in Table 3-27 for the terrestrial vertebrate receptors considered in this 

BERA. These parameters were used in the equations presented in this section, along with the exposure 

point concentrations to calculate potential chemical intake (dose) by each receptor. These calculated intake 

concentrations were used to characterize potential risks. Individual chemical intakes for each 

receptor/exposure route combination are presented in Appendix I. 

Based on the conceptual model summarized in Section 3.4.3 and the complete exposure pathways identified 

in Section 3.4.3.3, the following exposure pathways were considered for terrestrial vertebrate receptors: 
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‘W ingestion of surface water 

0 ingestion of contaminated prey items 

‘0 incidental ingestion of soil 

lnqestion of Water 

Ingestion of contaminated surface water is only applicable to terrestrial vertebrate receptors inhabiting the 

NSB-NLON; it was assumed that the Thames River and Goss Cove is too brackish to represent a viable 

source of drinking water. Absorption of chemicals present in water is also assumed to equal 1 .O (e.g., 100% 

of contaminant present in water was absorbed). The equation for water ingestion is as follows: 

PD water ingestion = (Cwater * FI * AF * WI)/(WR * CF) 

where: PD = 

c = 

I=1 = 

WI = 

AF = 

WR = 

I:F = 

Incidental Inqestion of Soil 

predicted dose from drinking water ingestion (mg/kg/day) 

concentration of a contaminant in water (mg/L = mg/kg) 

fractional intake (% of home range that overlaps impacted 

area; assumed to equal lOOoh) 

water intake (L/day = mg/day) 

absorption fraction (unitless; assumed to be 100%) 

weight of receptor (kg) 

conversion factor (kg to mg) 

Incidental ingestion of soil (both intentional and incidental) was determined using the exposure point surface 

soil concentration (both maximum and average) of a given chemical. Intestinal absorption (AF) was 

conservatively assumed to equal 100%. Daily intake of chemical as a result of ingestion of soil was 

determined using the following equation: 

PD ingestion of soil = (Csoi, l Fl l SA * AF * F)/(WR * CF) 

where: IPD = 

IC = 

FI = 
-. 

G- 

predicted dose from ingestion of soil (mg/kg/day) 

contaminant concentration in soil (mg/kg) 

fractional intake (% of home range that overlaps impacted area; assumed to 

be 100%) 
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SA = 

AF = 

F = 

WR = 

CF = 

percent of diet that equals soil 

absorption fraction (unitless; assumed to = 100%) 

food consumed (mg/d) 

body weight (kg) 

conversion factor (kg to mg) 

Ingestion of Prey 

The ingestion of prey was determined using exposure point concentration of a given chemical predicted to 

be present in soil invertebrates and short-tailed shrews (both maximum and average). Intestinal absorption 

(AF) was conservatively assumed to equal 100%. The following equation was used to estimate chemical 

intake from ingestion of contaminated food items: 

PD ingestion of prey = (Cprey l F*FA*Fl*AF)/(WR*CF) 

where: PD = 

c = 

F = 

FA = 

FI = 

predicted dose from ingestion of food items (prey; mg/kg/day) 

contaminant concentration (vegetation or prey: mg/kg) 

food consumed (mg/day) 

animals as a percentage of diet 

fractional intake (% of home range that overlaps impacted area; assumed to 

be 100%) 

AF = absorption fraction (unitless; assumed to = 100%) 

WR = weight of receptor (kg) 

CF = conversion factor (kg to mg) 

3.4.5 Risk Characterization Methodolooy 

Receptor-specific exposure concentrations (Section 3.4 4) were compared to Reference Doses (RfDs) or to 

media-specific (e.g., soil, sediment. and surface water) benchmark values (Section 3.4.2) to characterize 

potential risks. This approach is conservative and is likely to overestimate, rather than underestimate risk. 

The resulting risk values calculated in this manner integrate the predicted chemical concentration, receptor- 

specific exposure parameters, and chemical-specific toxicity. 

The ratio of the exposure level or intake concentration to the RfD or benchmark value is called the Hazard 

Quotient (HQ) and is defined as follows: 

-4 
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HQ, = Intakei (exposure concentrationi) / RfDi (benchmark valuei) 

where: IHQi = hazard quotient for chemical “i” (unitless) 

IMakei = intake of chemical 7” (mg/kg/day) or exposure concentrationi (mg/kg) 

RfDi = reference dose of chemical “i” (mg/kg/day) or benchmark valuei (mg/kg) 

Potential adverse impacts were considered possible when the ratio of the contaminant intake (exposure 

concentration) to its respective RfD (benchmark value) exceeded unity. The HQ should not be construed 

as being probabilistic but rather as a numerical indicator of the extent to which a predicted intake (exposure 

concentration) exceeds or is less than an RfD (benchmark value). When the HQ exceed 1.0, it is an 

indication that ecological receptors are potentially at risk: additional data are necessary to confirm with 

greater certainty whether risk actually exists. 

Receptor-specific Hazard Indices (HIS) are generated by summing the individual HQs for all the chemicals 

of concern. If the value of the HI exceeds unity, a potential risk to the receptors as a result of the combined 

exposure ‘to these chemicals was also considered a possibility. 

3.4.5.1 Calculating Hazard Quotients for Benthic and Aquatic Biota 

Potential risks to benthic biota exposed to chemical present in onsite water bodies, the Thames River, and 

Goss Cove were assessed by comparing measured concentrations to background concentrations of these 

constituents (inorganics only), to surface water (Section 3.4.2.1) and sediment benchmark values (Section 

3.4.2.2), aind calculating HQs. A chemical was considered to represent a potential risk to aquatic biota if 

its exposulre point concentration was greater than the background concentration and its HQ was greater 

than 1.0. 

3.4.5.2 Calculating Hazard Quotients for Terrestrial Vegetation 

Risks to terrestrial vegetation were determined by comparing concentrations of contaminants present in soil 

to conservative, phytotoxic benchmark values. The development of these values is described in 

Section 3.4.2.3. 

The terrestrial plant risk assessment was based on the average and maximum (or UCL) measured soil 

concentrations detected at each site under consideration. Chemicals associated with a given site were 

considered to represent a potential risk to terrestrial vegetation if the HQs exceeded 1.0. 
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3.4.5.3 Calculating Hazard Quotients for Terrestrial Fauna 

The following section summarizes methods used to calculate hazard quotients for soil invertebrates and 

terrestrial vertebrates. 

Risks to soil invertebrates were determined by comparing concentrations of chemicals present in soil or in 

soil moisture to conservative benchmark values. The development of these values is described in 

Section 3.4.2.3 of this document. As was the case for all other media, the soil invertebrate risk assessment 

was based on the average and maximum (or UCL) measured soil chemical concentration detected at each 

site. Chemicals associated with a given site were considered to represent a potential risk to these receptors 

if the resulting HQs exceeded 1 .O. 

Terrestrial Vertebrates 

Reference Doses (RfDs) were identified for each of the representative animal species selected to assess 

potential risks to ecological receptors inhabiting the NSB-NLON and the Thames River. Risk characterization 

was determined by generating a HQ. HQs were generated for each pathway (e.g., ingestion of water, 

incidental ingestion of soil, etc.) and chemical considered. Values greater than one are Indicative of 

conditions that are likely to represent a potential risk to ecological receptors. If multiple contaminants of 

ecological concern are present at a given location, the HQs were summed to generate a Hazard Index. As 

was the case with HQs, HIS greater than 1.0 were interpreted to indicate that ecological receptors may be 

potentially at risk as a result of exposure to site contaminants. 

Acute Risk to Terrestrial Vertebrates 

In addition to the risk characterization for foodchain modeling based on chronic endpoints, acute potential 

risks were also assessed for terrestrial receptors. Acute HI values were calculated using maximum and 

average contaminant concentrations for those contaminants who contributed significantly to potential risks 

in the chronic modeling. The following formulas were used in the acute HI calculation: 

Chronic HI = Dose/NOAEL 

thus, 

Dose = Chronic HI * NOAEL 
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The dose in the formula is assumed to also represent acute dose. Therefore, it was compared to acute 

threshold values obtained from several sources, including ECOTOX, AQUIRE, and TERRETOX databases. 

This resull:s is an acute HI derivation as follows: 

Acute HI := Dose/Acute Threshold 

3.4.6 -Incertainties Analysis 

Uncertainty is associated with all aspects of the BERA presented in the preceding sections. This section 

presents a. summary of these uncertainties, with a discussion of how they may affect the final ecological risk 

values summarized in Sections 5.0 through 17.0. 

The uncertainties and assumptions associated with the risk assessment must be taken into consideration 

when mak:ing risk management decisions. For instance, conservative estimates must be made to ensure 

that the exposure assumptions are protective of receptors inhabiting the impacted area. When conservative 

assumptions are combined, the resulting calculation will reflect the sum of the uncertainties associated with 

each assumption. This process results in an overprotection of risks. 

As discussed in Section 3.3.5, the outcome of the risk assessment process is influenced by informational 

and measurement uncertainty. 

These two types of uncertainty are associated with each of the steps of the ecological risk assessment 

process, i’ncluding: 

0 uncertainty in the selection of ecological chemicals of concern results from the current 

knowledge and understanding of the toxicity of industrial chemicals to ecological 

receptors 

0 values used as input parameters for a given exposure route, and the methods used and 

the assumptions made to determine exposure point concentrations are associated with 

uncertainty 

0 uncertainty in the toxicity assessment includes the quality of dose-response data and 

values used to evaluate media-specific chemical concentrations 
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0 uncertainty in risk characterization includes that associated wfth exposure to multiple 

chemicals and their potentlal synergistic, antagonistic, or additive effects. 

The manner (“direction”) in which uncertainty impacts the final predictions produced by this assessment (i.e., 

over or under prediction) is a function of the assumptions made throughout the risk assessment process. 

As noted above, conservative assumptions were made so that the final calculated risks would result in an 

overestimation of potential ecological risks attributable to NSB-NLON operations. Thus, uncertainty is 

associated with the degree to which the numerical values produced as a result of this process overestimate 

the actual risks. 

3.4.6.1 Uncertainty in Selection of Chemicals of Concern 

The selection of final COCs may increase the uncertainty associated wlth the final ecological receptor- 

specific risk values. Although a conservative, systematic, step-wise process was followed to identify these 

chemicals to be excluded from further evaluation, it is possible that species sensitive to these compounds 

may be present in this area and be adversely impacted. However, the likelihood that this scenario might 

occur is limited by the use of factors such as maximum concentrations, use of conservative benchmark 

values, and conservative exposure assumptions. 

3.4.6.2 Uncertainty in the Exposure Assessment 

The methods used to calculate exposure point concentrations, the selection of receptors and endpoints, and 

the selection of exposure parameters all contribute to uncertainty with respect to the exposure assessment. 

The direction of uncertainty can be estimated as follows: 

l Exposure point concentrations (maximum): 

- surface water (Over predict) 

- sediments (Over predict) 

- soil (Over predict) 

- prey (Over predict) 

l Receptors/Ecological Endpoints - Unknown 

0 Exposure pathway parameters - Unknown/over predict 
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’ Uncertainty Associated with Calculation of Exposure Point Concentrations 

Wiih the exception of prey, measured concentrations of chemicals were used as exposure point 

concentrations. Uncertainty with this aspect of the risk assessment arises from factors such as the degree 

to which lthe samples collected from a location are actually representative of site conditions and the 

uncertainty associated with the laboratory analyses used to quantify media-specific contaminant 

concentrations. 

Empirically estimated or literature values of the organic carbon partition coefficients, octanol water partition 

coefficients, combined with soil exposure point concentrations were used in the estimation of contaminant 

concentrations in prey. The use of these parameters to determine the biological availability of chemicals 

present in soils and sediments and their subsequent movement through the food chain introduces additional 

uncertainty to the risk calculations. In several cases, information on a compound was limited and required 

the use of very conservative default values. 

In addition, each time a concentration in one level of the food chain is extrapolated into a higher level, 

uncertainty is introduced into the result. For example, soil-to-invertebrate and invertebrate-to-predator 

biotransformation factors generally represent the maximum amount of contaminant transfer that may occur. 

In reality, l:he contaminant transfer is dependent on the form of the constituent, the physical and chemical 

characteristics of the soil, and the capacity of a particular species to incorporate a given chemical into 

tissue. Actual transfer factors for this site and these receptor organisms are not known. The selected 

methodologies are intended to be conservative, and more likely overestimate rather than underestimate 

tissue concentrations of chemicals. 

Uncertainty in Selection of Representative Species 

Unlike the human health risk assessment, the ecological risk assessment must consider risks to many 

different slpecies. However, calculation of risk values for each potential receptor species is not possible. 

Impacts to surrogate or “representative” species are instead examined. The underlying assumptions 

associated with the use of surrogates is that impacts to these organisms will be indicative of potential 

impacts to actual receptors inhabiting the area. The choice of representative species for a given community 

is based on factors such as known sensitivity to the COCs, similarii of life history and behavior to other 

members of the community, importance in food chains, etc. However, species-specific physiological 

differences that may influence an organism’s response to a chemical or subtle behavioral differences that 
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may increase/decrease a receptor’s contact with a contaminant are seldom known. Use of surrogates, while 
=M 

necessary, will introduce uncertainty into the results of an assessment. 

In addition to uncertainty regarding the degree to which risks to representative species reflect risks to other 

members of the community, uncertainty in the results of the risk assessment process arises when 

extrapolations are made across levels of ecological organization or from laboratory studies to field 

conditions. The uncertainty associated with extrapolations from results based on laboratory test conditions 

to field situations from have long been acknowledged but remain difficult to quantify. In addition, the 

majority of the currently available toxicological data rests on the response of individuals exposed to 

chemicals. Extrapolations from these simple endpoints to more complex, ecologically relevant endpoints 

such as impacts to populations or communities also Introduces uncertainty into the results of the risk 

assessment. 

3.4.6.3 Selection of Exposure Parameters 

Each exposure factor selected for use in this BERA has some associated uncertainty. For the most part, 

the availability of species-specffic physiological measurements (e.g., water consumption) are limited and 

frequently must be estimated or extrapolated from the data collected from laboratory populations. While 

parameters more likely to result in an overestimation of risk were sought, the distribution of an attribute 

within a population is seldom known; therefore, the degree of conservatism introduced into the final 

estimation of potential risk remains similarly illdefined. The following summarizes the potential impact that 

various exposure parameters might have had on the final determination of potential risks to ecological 

receptors. 

lnqestion of Food Items 

Contaminants present in soil may subsequently be biotransferred into soil invertebrate or mammals (i.e., 

shrew) tissue. Predators feeding on these prey organisms are eventually exposed these chemicals. The 

parameters used to determine exposure to chemicals through ingestion of prey are summarized in 

Table 3-29. 
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Incidental Ingestion of Soil 

Ecological receptors may be exposed to contaminants via incidental ingestion of contaminated soil. The 

parameters use to evaluate the incidental exposure to soil contaminants and their potential impact on the 

risk assessment are summarized in Table 3-30. 

Ingestion of Water 

Ecological receptors may be exposed to contaminants via ingestion of water. The parameters used to 

evaluate the exposure to surface water chemicals and their potential impact on the risk assessment are 

summarized in Table 3-31. 

3.4.6.4 IJncertainty in the Toxicological Evaluation 

Uncertainty associated with the toxicity assessment is a function of the hazard assessment which 

characterizes the degree of potential risk to ecological receptors and the dose-response evaluations which 

are indicative of potential adverse impacts resulting from exposure to chemicals. 

Uncertainty in hazard assessment arises from the quality of the available toxicity data. This uncertainty is 

reduced when similar effects are observed among species exposed to the same chemical via the same 

exposure route and when the mechanisms of toxicity are similar for laboratory and wildlife species. 

Uncertainty in the dose-response evaluation includes derivation of RfD values. Uncertainty is introduced 

from interspecies (animal to animal) as well as intraspecies (individual to individual) variation. Most toxicity 

experiments are performed with laboratory populations of animals so that variation is minimal. However, 

wildlife pa8pulations reflect a great deal of heterogeneity including unusual sensitivii or tolerance to the 

chemical of concern. Uncertainty also arises as a result of the quality of the toxicity study used to deriie 

the RfD. 

Uncertainty factors were applied in the derivation of the RfD to account for differences among species. An 

uncertainty factor was also applied to estimate a no-effect level when lowest-effect levels were reported or 

when an RfD for chronic exposure was estimated from subchronic data (see Section 3.4.2.1). 

- 
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3.4.6.5 Uncertainty in the Risk Characterization 
=* 

Uncertainty in the risk characterization results from assumptions that concern the potential additivii or 

synergism that may occur when ecological receptors are exposed to multiple chemicals. Because data 

regarding the interaction of chemicals in the environment or within the body of the receptor are not well 

known, the impact of chemical interactions on the risk assessment process cannot be evaluated. 

3.5 COMPARISON OF SITE DATA TO CONNECTICUT STANDARDS 

Analytical data for the sites under investigation in the Phase ii RI Report were compared to Connecticut 

drinking water standards (Tiiie 19, Health and Safety, the Public Health Code of the State of Connecticut, 

Chapter ii Environmental Health) and remediation standards (CTDEP, January 1998). The objective of the 

comparison is to identify, on a media-specific basis, those chemicals detected at concentrations in excess 

of state criteria. The results of the comparison will setve as the initial step towards determining compliance 

with state standards. 

A brief discussion of media-specific state standards used in the comparison are provided in the remainder 

of this section. 

3.5.1 Soil/Sediment 

Site-specific data for soil and sediment were compared to Connecticut remediation standards for direct 

exposure and pollutant mobility. Depending on the likely anticipated land use, as determined based on 

conversations with the State, USEPA. and NAVY (October 25, 1995e), direct exposure criteria for residential 

or industrial exposure scenarios were employed. The migration of soil/sediment chemicals to groundwater 

was addressed via a comparison of site soil/sediment data to pollutant mobility criteria for GB classified 

areas. 

3.5.2 Groundwater 

For groundwater, Connecticut MCLs and remediation standards for groundwater and surface water 

protection were used. Filtered and unfiltered groundwater data were considered, if available. Although 

Connecticut MCLs were employed, it shou.ld be noted that groundwater at NSB-NLON is not currently used 

or expected to be used in the future as a potable water supply. A comparison of site data to remediation 

standards for groundwater and surface water protection was conducted decause (1) as per the state 
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reguiation:s, groundwater protection standards are used to protect existing groundwater regardless of the 

classification and (2) groundwater at the RI sites eventually discharges to a surface water body (i.e., the 

Thames River). 

3.5.3 ;Surface Water 

Site-specific surface water data were compared to Connecticut remediation standards for surface water 

protection. Filtered and unfiltered groundwater data were considered, if available. 

in summary, discussions of the qualitative comparison of site data to Connecticut standards are presented 

in the site-specific sections. Tables summarizing the comparison are presented in the site-specific human 

health risk assessment appendices, following the quantitative risk assessment spreadsheets. Maximum and 

average chemical concentrations for the RI sites are presented in the summary tables. 
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Sample 

Ti (T/D) 
TI (TI 

Parameter + Matrix 
Sampling 

Round 
GW PH2-1 
GW PH2-2 

IB V) 1 GW 1 PHl 
iE3 IT\ 1 GW 1 PHI I -. .-- 

I=- 01159 011691-13MWlS 

- \.I 

B (T) 
B m 

GW 
GW 

PHI 
PHl 

011691-13MW3S 

IB iTi 1 GW 1 PHI 
1 GW I PHl B iTj 

B V) 
B IT) 
B (TI 

GW 
GW 
GW 

PHI 
PHI 
PHI 

1012191-13MWl3S ----tz 
I 

TI (Tl 
.. \‘I 

Pb, TI ( 
Ti (T\ 

1 GW 1 PHl I 

021 IQI-13MW8 
B, TI (T) 
B tT1 

GW 
GW 

1 
PHI 
PHI 

Ti if) GW PH2-2 
Pb, Se, Ti (D) GW PH2-2 
Sb, Se, TI (T) GW PH2-2 
Cu (T/D) GW PH2-1 
Sb, Cd, Se, Tl (T) GW PH2-2 
Sb. Se. TI tTj GW PH2-2 ., 
Pb, Ti (D) 
Pb TI ID\ -7 .. \-I 
Pb, Se, TI (D) 
Pb (T/D): Pb. Se. TI ID) 

GW PH2-2 
GW PH2-2 
GW PH2-2 

1 GW 1 PH2-2 1 

m&06-2 
Pb, Se, Ti (D) GW PH2-2 
Pb, Se, TI (T/D) GW PH2-2 

Ti (V GW PH2-2 

TI (T) GW PH2-2 
TI (TI GW PH2-2 r- 15GW2S-2 
I 
ITI iTj 1 GW 1 PH2-2 
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Sample 

15GW3S-2 
I i kr,w4S-2 

I-2DMWllS 
12s 

Ti m 
TI 0 
B, TI (T) 
SVs: B. Ti (T1 

Parameter l 
Matrix Sampling 

Round 
GW PH2-2 
GW PH2-2 
GW PHl 
GW PHl 

16s IB,T~(~) ’ ’ 

.- 
h5D 
/V20D 

- \-, 
B (T) 
Bfn 

GW 1 PHl 
GW 1 PHl 

‘12D IB (J-j ! ’ 

._- - - 
‘16D 
‘160-2 Pb. Se. TI (n 1 GW I PH2-2 -- ~ 

2DGW16S I GW 1 PH2-1 
;W I PH2-1 12DGW23D 

I .I, . I 

ITI CT/D) I c 
l7lmv7dD ---..- .- Sd’(T);‘TI (T/D) 

Pb, Se, Ti (T) 
As IT\: TI (T/D\ 

dw 
GW 
GW 

PH2-1 
PH2-2 
PH2-1 

2DGW24D-2 
2DGW24S 
2DGW25D-2 --- - 

2DGW r26D 
7ncMl ‘26D-D w-v.1 

t 2DGW26S 
t 7DGW27D-2 ------. - - 
t 2DGWZS 

,. -- \. ,I -. \.--I 
IPb. Se. TI fT1 

-1 --I 

h-l (T/D) ’ ’ 
IAs Cl-I: TI (T/D) 
, .,. . 

IAs (n: l-l (T/D; 
,  . , .  ,  I  

ITI (T\ , .. \.I 
IAs IT): TI (D\ 

GW 
GW 
GW 

PH2-2 
PH2-1 
PH2-1 --- ..- . 

GW PH2-1 
GW PH2-2 
GW PH2-1 -- _ _ _-. _ 

t2DGW27S-2 
I- -- \-I’ .-\-I 

h-l (T\ 
I I 

1 GW I PH2-2 

2DGW28D 
2DGW28D-2 
2DGW28S 
2DGW28S-2 
2DGW30S-2 
010291-2LMW17S 

As‘(i); TI (T/D) 

1-1 IT) 
As (n: TI (T/D) 

GW 
GW. 
GW 
GW 

PH2-1 
PH2-2 
PH2-1 
PH2-2 

, .,. . , 
I (7 1 --- . ..-- 

Sb VI GW PH2-2 
B. TI (Tj GW PHl 
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Parameter l 

1 GW 1 PH2-2 2WGW2 1 D-2 N-niirosodi-n-propylamine; Sb (T/D) 
12WGW21S Sb (T/D); Cd (D) 
Eimv-21 s-2 Sb, Cd (T/D); Pb (D) 
2WGW3D Sb. B (Tj 

GW 
GW 
GW 
GW E PH2-1 

PH2-2 

2WGW3S St& 
2WGW3S-2 1-1 CT) 
2WGW5S Sb (T) 
2WGW6D TI (T/D) 
2WGW6S As (T); TI (T/D) 
012491-:2WMW4D B, Pb, TI (T) 
2WCGWl S-2 Sb. Cd (T) 

&i 
GW 
GW 
GW 
GW 
GW 
GW 

. .- _ 
PH2-1 
PH2-2 
PH2-1 
PH2-1 
PH2-1 
PHl 

PH2-2 

121790-6MW5D 
121790-6MW5S 
121890-6MWl S 
121890-6MW2S 
121890-6MW3S 
121890-6MW4S 
12 1890-6MW6S 

B (T) ’ GW Pi1 

B U) GW PHl 
B U-J GW PHl 

B F) GW PHl 

B (T) GW PHl 
B CT) GW PHl 
B IT) GW PHI 
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Sample 

6GWl S-2 
6GW2D 
6GW2D-2 
6GW2S 
6GW2S-2 
6GW3D 

Parameter l 
-Iampllng 

, Round 
Sb (T); pb, Se TI fT/l’-I\ --, . . \..-, 1 GW 1 PH2-2 

I 1 

Sb, Cu, V (L, D\ 1 &k i PH2-1 1 I 
Pb, Se, TI (T); V (T/D) GW PH2-2 

Cu (D) GW PH2-1 
Pb, Se, TI (T\. V fT/nl GW PH2-2 
Sb (jJ\. 01 

.I, - \-a-, 
-,a -- (T); V (T/D) iii PH2-1 
‘I IT\ GW PH2-2 Sb, 1. \ . , 

Sb, Cu (D) 
Cu (D); Pb, Se, TI (T/D) 
Ph SP TI IT\ - -8 --t -* \.I 
Sb, TI 8 
B F) 
B tn 

GW 
GW 
GW --- 
GW 
GW 
GW 

PH2-1 
PH2-2 
PH2-2 . ..-- 
PH2-2 
PHI 
PHI 

6GW3D-2 
6GW3S 
6GW3S-2 
6GwS-2 

. ._._ _- 
IO-7MW3 

.--- -.-.-- .- - \‘I 

;w1 s-2 Cd (D) PH2-2 

Cd (D) GW PH2-2 
8GW2D Sb (T) GW PHZ-1 
8GW2D-2 Cr [TI GW PH2-2 

1 N-nitmsn-di-n-nrnnvlamine; Sb (T/D) 

ne; Sb (T/D) 

I-- \---I 
IN-nitrosodi-n-orowlamine: Sb (T/D) 

--- 

GW 
GW 
GW 
GW 

. ..-- 

PH2-2 
PH2-2 
PH2-2 
PH2-2 

8GW5S 
8GW5S-2 
8GW5S-D 

18GW6D 
t 8GW6D-2 

V U) GW PH2-1 

Cd (T) GW PH2-2 
Sb, Cu, V (T) GW PH2-1 

I VtTj 
6 h/Dk Cr IT) 

GW 
1 GW I PH2-2 1 

PH2-1 I .I 

112990-3SDl(O-0.5) Sb, B SD PHl 
112990-3SDl(l-1.5) Sb, B SD PHl 
112990-3SD2(0-0.5) Sb, B SD PHl 
112990-3SD2(1-1.5) Sb. B SD PHl 

t 112990-3SD3iO-OSj kib: B 
I -- I 

1 SD I PHl I 

I SD I PHI I 
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,.-&ml- marrin 
1 Sampling 1 
1 Round 

SD 1 PHl 
ii 
SD 

ii-ii 
PHl 
PHI 
PHl 
PHI 

Sample c- 120390~~!DSDlO@-O.51 
120390~2DSC 

Sb. B 

Parameter l 

Sb, B 
Sb, B 

120390~;!DSD2(d-o.5) ’ Sb, B 
120390~Z!DSD3(0-0.5) Sb, B 
120390~i!DSD4(0-0.51 Sb. B 

SD 
SD 
SD 

i --’ Sb. B 
I -- I 
1 SD 1 PHl I 

120390S!DSD6(OT0.5) Sb, B 
120390~i!DSD7(0-0.5) Sb, B 
12039~P!DSDS(O-0.5) Sb, B 
120390-2DSD9(0-0.5) Sb, B 
120790-2DSDl3(0-0.5) B 

t 120790-2DSDl4iO-0.5j IB 

SD 
SD 
SD 
SD 
SD 

PHl 
PHl 
PHI 
PHl 
PHI I 1 

1 SD I PHI I 
2DSDl8 

t- 

(0.0-l .O) 

2DSD21 (O-l) 

4,4’-DDD 
4,4’-DDD, dieldrin --Ai- 
hexachlorocvcloo~ 

, elIuIII1, 

entadiene 

1 SD 1 FFS 
I I I 
1 SD 1 FFS 1 

4,4’-DDD SD FFS 
Hexachlorocyclopentadiene SD FFS 
4,4’-DDD SD FFS 
Hexachlorocyclopentadiene SD FFS 
VOAs, SVs, PEST/PCBs, Sb, Be, Cd, CN, Hg, K, 
Se, Ag, TI 

SD 
ECO-2 

PEST SD ECO-2 
PEST SD ECO-2 

EC-SDLPl l-2 

EC-SDS209-02 

PEST SD ECO-2 
VOAs, SVs, PESTIPCBs, Be, Cd, CN, Hg, K, Se, 

Ag, 1-1 

SD 
ECO-2 

VOAs, SVs, PESTIPCBs, Sb, Cd, Hg, Se, TI SD ECO-2 
PEST SD ECO-2 

EC-SDS41 9-02 
EC-SDUP16-02 
EC-SDUPI 7-02 
EC-SDUPl8-02 
112690~2WSDl (O-0.5) 

Dieldrin 
Dieldrin, endosulfan sulfate, gammachlordane 
PEST 
VOAs, SVs, PEST/PCBs, Cd, Hg, Ag, TI 
Sb , B 

SD 
SD 
SD 
SD 
SD 

ECO-2 
ECO-2 
ECO-2 
ECO-2 

PHl 
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SUMMARY OF REJECTED RESULTS 
NSB-NLON, GROTON, CONNECTlCUT 
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Sample 

I 4 3aon3wsn4 nm,n c;\ W, B 
I R 

Parameter l Matrix 
Sampling 

Round 
SD PHI 
SD PHl 

I ILVVV-L..“” ‘“1” “.“, WI 

112690-2WSD2(0-0.5) St:, - I 
112690-2WSD3(0-0.51 

; 
Sb.6 PHl -- , - 1 SD i 

112690-2WSD4(0-0.5, ICh R ,vw , w 1 SD I I I 
I SD I 

PHI 

112690-2WSD5(0-0.5’ (5th R PHl 

112690-2WSD6fO-0.5 i 
ii-: i 

I 

SD 1 PHl 
\ Sh R SD I PHl 112690-2WSD7iO-O.5, 

112690-2WSD8(0-0.5) 
112690-2WSDQf0-0.5~ 

DUP-5 
T-1-A 

iii: ii 
Sb B 
. a-. 

IA A’-DDT Ha 

SD 1 PHl 
SD 1 PHI 

I I 
I SD I I -r. ---g -‘a I 

IA-A’-DDD 1 SD 1 FFS I Tl-B .I. --- 
Tl O-B 4,4’-DDT SD FFS 

T4-A Hg SD FFS 

T4-B l-h SD FFS 

T5-A . . I t 
T&R IHn I SD I FFS 1 

’ ‘Y I I 

lHn I SD I FFS I 

I” I 

T&A 

T6-B 
T7-B 
TS-A 

. ‘J 

PEST, Hg 
Endosulfan II -..----..-.. . 
VOAs, SVs, PEST/PCBs, Sb, B, Hg, TI 
4.4’-DDT 

SD FFS 
SD FFS 
SD 1 FFS 
SD I FFS 

EC-SDNP22-2 

EC-SDNP23-2 

EC-SDNP24-2 

EC-SDPP26-02 

EC-SDPP27-02 
DU P-07 
EC-SDTROl-02 
Fr.-SlJTRfI7-t-I7 

.-- 

PEST SD ECO-2 
VOAs, SVs, PESTIPCBs, Sb, As, Be, Cd, CN, 

Hg, Se, Ag, TI 
SD ECO-2 

PEST SD ECO-2 

VOAs, SVs, PEST/PCBs, Sb, CN, Hg, Ag, Na, TI SD ECO-2 

PESTIPCBs SD ECO-2 
Endrin aldehvde SD ECO-2 

ICnitroohenoi 
IA-Nitrckhnnnl cd, Se, Ag, TI 

..’ -‘--.‘, -- 
in aldehvde. Sb, Cd, Se, Ag, TI 

1 SD 1 ECO-2 1 
SD ECO-2 
SD ECO-2 
SD ECO-2 
SD ECO-2 

>-SDTR06-02 IEndrin aIdehide, Sb, Cd, Se, Ag, Hg 1 SD 1 ECO-2 
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--. 

I I Matrix Sampling 
Round I Parameter l 

EC-SDTRO’I-02 Hg 
Endrin aldehyde 
4-Nitrophenol, Sb, Be, Cd, Se, Ag 
En&in aldehvde 
2,4-L ,~ 
2,4-Dinitrophenol, 4,6diiitro-2-methylphenol 
2.CDinitroDhenol. 4,6dinitro-2-methvlohenol 

--. -.--.-, -- 

IinitroDhenol. 4-nitrODhenOl 

I --I- 
T5SD3 
T5SD4 
T5SD4-D 
083190-2WTB9ld-fil 
090690-:~~~~ .___ .-,;&i; 
13MWl(.- ., ‘12-14) 

13MWl Cll(6-8) 
13MWll(2-4) 

s . 

17 d-IXnitrnnhannl 4 fkdinitm-7-methvlaher\ol 

,.r .-.JOl 
VlDhenOl 

SD ECO-2 
SD ECO-2 
SD ECO-2 
SD ECO-2 

SD 1 PH2-1 
SD 1 PH2-1 
SD 
SD 
SD 

PH2-1 
PH2-1 
PH2-1 1 

. -...._.- I-‘.-“-” , - -. . . _. - - . ..-_.. , ‘r-.-” 
;:4-Dinitrophenol. 4,6dinitro-2-methvlohen 
2,4-Dinitrophenol, 4,6dinitro-2-meth, , 
2,4-Dinitrophenol, 4,6-dinitro-2-methylphenol 1 SD 1 PH2-1 
I3 

i 
I so I 

so 
PHI 
PHI 

B so PHI 
B so PHI 
B so PHI 
R so PHI 

13MW1718-101 
I 
Ii I so I PHI 

. . .-,\v .“, 

WI 3(8-l 0) 
wi.(l2-14) 
m(l2-14) 
W1fi(lO-121 

so Pi1 
so PHI 
so PHI 
so PHI 

B 
R 

1 so 1 PHI 
I so I PHI i I’ 

IB 

-- 
I so I PHI 1 

I- 

II3 
I ~~ I 

I so I PHI 1 
PHI 
PHI 
PHI 

Sb 
Sh 

SO 1 PH2-1 
so I PHI 

4-NltrOplV3nOI 

4-Nitrophenol 
Sb 
PESTIPCRq Sh R 

Sh 

rnz-i 

PH2-1 
FFS 
PHI . . . ---, --, - -- 

so FFS 

5TB7 (O-2) ii so FFS 
iTB8 113 5-2 5) PEST/PCBs so FFS ,‘&.-- \-.- -.-, 

15TB9 (0.5-2.5) 
1. -- 

kb I so I FFS I 
Sb, B 
Sh B 

1 so 1 PHI 
I so I PHI DfiMWl OS(3-51 
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Sample Parameter l Matrix 
Sampling 

Round 

t ID 
-. I^. - . I I 

IB I I 

i2LTBl8 (O-2) 
2LTB2(2-8) ’ 

2WMW2(0-2) 
2wmw(lO-12) 
2WMW3(16-18) 

2WCMW3S-1618 

2WMW4(0-2) 
2WMW5021 

2WCMW3S-1618-D 
2WCTB4-0204 
2WCTB8-1012.6 

* . 1 Hexachlorocvclooentadiene 
B 

B 

4-Nitrophenol 
4-Nitrophenol 

B 

Sb 
14-Nitrophenol 

B 
Sb, B 
B 

I so I FFS I 
so PHl 
so PH2-1 
so PH2-1 
so PH2-1 
-- 

’ PH2-1 I so I 
so 
so 
so 
so 
so 

PHI 
PHl 
PHI 
PHI 
PHI 

IW5(10-12) I so I PHI I 

- -- . . . . 

la I -A I n, I” 
au 

so 
so 

- 

ml 

PHI 
PHI 

L"" I "L(L"-LL, 

2WTB2(4-6) 
2WTB3( 1 O-l 2) 
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Sampling 

Round 
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A+-- 

Sb. B. Na 

Parameter l Matrix 
Sampling 

Round 
so PH2-1 

1 SO 1 PH2-1 i B(T) 
5 (T) 
5 (T) 
5 IT) 
R IT\ 

SW 
SW 
SW 
SW 
SW 

PHI 
PHl 
PHI 
PHI 
PHI - \‘I 

5 U) 
B (Tj 
B iTj 
R IT\ 

--- 
SW 
SW 
SW 
SW 

i-i 
PHl I 
PHl 
PHI 

bi 
PHI 
PHl 

-a”-- ---. WV 

) 1 w-2 DSW6 
EDSW 

13 1 nm7 nswfi 

1;. .--- 
12109c -----. 
121090-2DSW8 
121090-2DSW9 
2DSWlO 
2DSWll 
2DSW13 

- \.I 

5 (T) 
5 U-1 
B IT\ - \-, 
5 U-1 
5 (T) 
2-Hexanone, acetone; TI (T) 
2-Hexanone, ncntnna. Ph TI tT\ 
Ra Cu IT\ 

--- 

SW 
SW 
SW t 
SW - PHI 
SW PHl 
SW PH2-1 
SW PH2-I - - -. -. . -, . -, . . \ . , 
SW 

..- . 

I--’ -- \‘I PH2-1 
IHa (TI SW PH2-1 
2-Hexanone, acetone; Pb, TI (T) SW 
2-Hexanone, acetone; Pb, TI (T) SW 
2-Hexanone. acetone: Pb. TI (TI SW 

PH2-1 
PH2-1 
PHZI 

I7-Hpyanone, acetone; TI (T) 
mone, acetone; TI (T) 
anone. acetone: TI fT\ 

- . .-,.. 
2-Hex; 
2-Hexc~m-.mmmm , I, 
2-Hexanone; TI (T) 
2-Hexanone: Ph tT\. TI IT/n\ 

1 SW 1 PH2-1 
1 SW 1 PH2-1 

SW 
SW 
SW 

PH2-1 
PH2-1 
PHZ-1 

--- 
SW 
SW 

. ..- . 
PH2-1 
PH2-1 

12DSW5D 12-Hexanone. _____. 
12-Hexanone; Pb, TI ( , 
2,4-Dinitrophenol, 2-hexanone, 4-nitrophenol, 
acetone, TI 
2-Hexanone, acetone; Pb, TI (T) 
alpha-Chlordane 

5 (T) 
B IT\ 

,- \‘I 

IB iTj 

- I 

SW 

SW 
SW 
SW 
SW 

PH2-1 

PH2-1 
ECO-2 

PHI 
PHI 

- x-t 

TI (T/D) 
2-Hexanone, acetone’ Ph ITI. TI (T/IX 

SW 
SW 

PH2-1 
PH2-1 

2DSW9 

c 

2DSW9D 
EC-SWLP12-2 
121090-2WSWl 
13 I nmvw.sw7 

k 
- .--- -.. --- .- 7 1 oso-~‘wsw3 I, .--- -..- -.-- 

2WSWl 
2WSWll 
l?iEiZZ! 
12wsw2 

12-Hexanone. Ph IT\, 
,--l.(;;di’ . . 1. .-I -_- . ..- . 

_..-..-, - \.,, SW PH2-1 
I2-Hex, .-..anone; TI (T/D) 
ti fDk TI IT/D) 

SW ’ PH2-1 
SW PH2-1 

Hg iTj‘ ’ ’ 
2-Hexanone, arstnne. Ph TI ITI 

SW 1 PH2-1 
SW 1 PH2-1 

12-Hexanone, 
- - - _ -. -, . -, . . , . , 

acetone; Pb, TI (T) 
I . ..- 

1 & 1 PH2-1 12wsw9 

D-01-95-10 CT0 129 



TABLE 3-l 
SUMMARY OF REJECTED RESULTS 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 12 OF 13 

Revision 1 
March 1997 

Parameter l 

tT3SW3S 
I7nss1 WVMDI 

lea. Cu ;T; 
I 

I SW I PH7-I 

IP 1 PF~T/p‘Ck 
ri 

1 TIS 1 
1 TIS 1 

. ..- . 

I-I-Cl 
rr3 
DLl-l 

-‘aI . . 

Ag, TI 

Ag, TI 
Ag, 1-1 
Aa. TI . .,. 

190 MB0 06 IA;: TI TIS I PHI 1 

. .- 

TIS 
TIS 
TIS 
TIS 

I III 

PHI 
PHl 
PHl 
PHI 

D-01-95-10 3-122 CT0 129 



TABLE 3-1 
SUMMARY OF REJECTED RESULTS 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 13 OF 13 

Revision 1 
March 1997 

Sample Parameter l 

LOwEf ? STREAM 2 
F MUSCL- 

POND 1A MUSCLE 
F 

& 
I 
IAa 

Matrix Sampling 
Round 

TIS PHl 

-.-- -- --- .--- -- 
‘OND 18 MUSCLE 

IPOND ic MusCLE 

I I 
1 TIS 1 PHl 1 

TIS 
TIS 

PHl 
PHI 

90 MB0 15 Ti TIS PHl 
90 MB0 ‘16 TI TIS PHl 
90 MB0 17 TI TIS PHl 
CMUl 2-Hexanone TIS ECO-1 
CMUl-R 2-Hexanone, acetone TIS ECO-1 
CMUlAVG 2-Hexanone TIS ECO-1 

.DDT endrin 

.__ _.____ -, ---lone 
~ .>xanone 
2-Hexanone, 4,4’-DDT 
2-hexanone 

f TIS I FCO-I 

TIS ECO-1 
TIS ECO-1 
TIS ECO-1 
TIS ECO-1 

ICMU6R 12-Hexanone. 4.4’-DDT t TIS 1 ECO-1 1 
2-Hexanone 
2-Hexanone 
2-Hexanone 

l2-Hexanone I- -- 
12-Hexanone, 4,4’-DDT, endrin 

TIS ECO-1 
TIS ECO-1 
TIS ECO-1 

1 TIS ECO-1 
1 TIS ECO-1 
I ’ J5AVG 

U-CD 
IMU-CDAVG 

12-Hexanone, endrin 
12-Hexanone. endrin 

1 TIS 1 ECO-1 
1 TIS 1 E CO-1 I 

Matrix’ L 
GW = Groundwater 
SD = Sediment 
SO = Soil 
SW = Surface Water 
TIS = Tissue 

Parameter: 
VOAs = Volatiles (used if some or all compounds were rejected) 
SVs = Semivolatiles (used if some or all compounds were rejected. 
PEST = Pesticides (used if some or all compounds were rejected) 
PCBs = Polychlorinated biphenyls (used if some or all 

compounds were rejected) 
T = Total matrix 
D = Dissolved matrix 
l Conventional abbreviations used for inorganic parameters. 

Sampfinn Round: 
PHl = Phase I RI 
PH2-1 = Phase II RI, Round 1 
PH2-2 = Phase II RI, Round 2 
FFS = Focused Feasibility Study 
ECO-‘I = Ecological Sampling, Round 1 
ECO-2 = Ecological Sampling, Round 2 

Del-95-10 3-123 CT0129 



TABLE 3-2 

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

Specific 
Vmpor Prommuro SOlubili~ 

Ocl~mUW~tu Orgmic Cerbon Hmnry’m law Ckconcmtretbn 
Chulliccl Gravity 

bml Ho e 2o-cl’a hpn 8 2oV’ 
Pwtith Pertkion cmnmtanl lotm Fmctor 

I@ 2ow-d” cerff kimnt~ Qmffiiimnt~4 m’hno Id” honhnokolW 

KETONES 

Acetone 0.7899 

2-Butanone 0.8054 

4-Methyl-P-pentanone 0.7978 (20°C) 

2-Hexanone 0.8017’8’ 

2.66E t 2 (25°C) 

l.OEt2 (25°C) 

1 .OE + 1 (30°C) 

6.OE t l’*’ 

Miscible 

2.75Et5 

1.91E+4 

3.5E t 4 

5.75E-1 

1.82EtO 

1.23Et 1 

NA”’ 

5.37Et@ 

4.uE t d”’ 

5.aoE t 0”” 

2.OOE t d”’ 

4.276E-5 (25°C) 3.81E-1m 

4.66E-5 (25°C) 9.3E-l’@ 

1.49s5 (25°C) 3.9EtO@’ 

1.75E-3(25”C) 2.5E t 0’14 

MONOCYCLIC AROMATICS 



TABLE 3-2 (Continued) 
ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

2-Methylphenol 1.0273 2.4E-1 (25°C) 3.1Et4 (40%) 8.91Et 1 1.8Etl”@ 

4-Methylphenol 1.0178 1 .l E-l (25°C) 2.4E t 4 (40°C) 8.32E t 1 9.OE-l’l”’ 

P-Nitroaniline 1.442 (15%) < 1 .OE-1 1.26E +3 (25°C) 6.76E t 1 8.6E t 1”” 

4-Nitrophenol 

Pentachlorophenol 

1.479 2.2EtO (146°C) 1.6E t 4 (25°C) 8.13Et 1 4.5E t 1 

1.978 (22/4”(Z) l.lE-4 1.4Et 1 1.02Et5 5.3Et4 

Phenol I 1.0576 1 3.5E-1 (25°C) 1 8E t 4 (25°C) 1 2.88Et 1 1 1.42Et 1 

Styrene I 0.9060 I 5EtO I 3Et2 1 1.44Et3 1 1.89Et2”” 

Toluene I 0.8669 1 2.8Et 1 (25°C) 1 5.15Et2 [ 4.9Et2 1 3.OEt2 

1,2,4-Trichlorobenzene I 1.4542 1 l.OEtO(38.4”C) 1 1.9Etl (22°C) 1 9.55Et3 I 9.2Et3 

Xylenes (Total) 

HAlOGENATE ALIPHATICS 

Bromodichloromethane 

Bromoform 

Bromomethane 

Chloroethane 

0.86104 . 0.8801 1Et 1 (27.3 - 1.6Et2 - 1.75Et$@ 5.89Et2 - 4.77Et l- 
32.1 “C) 1.58Et3 2.6Etd8 

1.98 5Etl 4.5E t 3 (0°C) 7.59E t 1 6.1Et 1 

2.8899 5.6E t 0 (25°C) 3.2E t 3(3O”C) 2.OEt2 1.16Et2 

1.6755 1.42Et3 1.75Et4 1.26Etl 5.9EtO 

0.8978 l.OllE+3 5.74Et3 2.69E t 1 1.49Et 1 

Chloroform I 1.4832 I 16OE+2 1 9.3Et3 (25°C) 1 9.33E t 1 I 4.4E t 1 

Chloromethane I 0.9159 I 3.8E+3 I 6.36Et3 I 8.13EtO I 4.3EtO 

1 ,l-Diohloroethane 

1 ,P-Dichloroethane 

1,l -Dichloroethene 

cis-1,2-Dichloroethene 

1.1757 2.34E t 2 (25°C) 5.5Et3 1.67Etl 3.OE t 1 

1.2351 7.9E t 1 (25°C) 8.69Et3 2.82E t 1 1.4Et 1 

1.218 5.91 Et 2 (25%) 2.1Et2 (25%) 3.02E t 1 6.5E t 1 

1.2837 2.02E t 2 (25°C) 8Et2 NA l.lEt&” 

Henry’s law Bioooncontrdon 
c8lmI8nI elm FIOIOr 

m3holJ~a bnmdhlP 

8.41 E-7 I 1.8Et lm 

1.3E-6 (25°C) 1 9.4EtO I 
2.633E-3 (25°C) 1 1.48Etti4 I 
5.92E-3 (25°C) 1 1.48Et2 I 
1.42E-3 (25°C) 1 3.3Et3 I 

4.184E-3 - 7.5Etl - 1.59Etfl 
6.662E-3 (25°C) 

2.12E-3 (25°C) 3.5E t 1 

5.32E-4 (25°C) 6.3E t 1 

2E-1 4.2EtO 

6.919E-3 9.8EtO 

3.39E-3 (25°C) 2.6E t 1 

8.82E-3 (24.8VZ) 1 3.2EtO I 
5.871E-3 (25°C) 1 1.9E+l I 
l.l78E-3 (25°C) 1 9Eto I 
2.28682 (25°C) 1 5.3E+ 1 ~-1 

4.08E-3 (24.8%) 1.4Et la 
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TABLE 3-2 (Continued) 
ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

Chmnical 

trans-1,2-Dichloroethene 

1,2-Dichloropropane 

Spacilio 
Gravity 

I@ ZOl4=cl’4 

1.2565 

1.156 

Vapor Pressura Softiility 
lmn Hg @ 20=@ lqln e row’4 

3.31Et2 (25°C) 6Et2 

4.2E t 1 2.7Et3 

Dclrllouwotor Orgsnio Carbon Hanty’s law @iocono~ntntion 
Prrlition Partition Coastrnt fmtln FWor 

Corflicient’G Corffiiirntw m’hmlo#a mplllmpAdHI 

3.02E t 1 5.9E t 1 6.673E-3 (25°C) 4.8E t 1 

1.9Et2 J.lEt 1 2.67583 (25°C) 3Etl 

HALOGEGATED ETHERS 

4-Bromophenyl phenyl ether 1.4208 

MISCELLANEOUS VOLATILE ORDAGICS 

Carbon disulfide 1.2632 

Viny’ acetate 0.9317 

POLVNUCLEAA AROMATIC HVDROCAGGDNS (PAlId 

1.5E3 1 3.3EtO (25”C)14) 1 1.91Et4 5.8E+4 lE4 
I 

1.8Et4 
I 

2.98Et2 2.9Et3 1.45Et2 5.4E t 1”” 1.921 E-2 (25*C) 2.6Et l’@’ 

lEt2 (25°C) 2Et4 5.37Eto 1.88Et 1”” 4.81 E-4 alEtO” 

1 Acenaphthene 1 1.0242 (90/4”C) 1 1Etl (131°C) 1 3.42EtO (25°C) i 8.32Et3 1 4.6Et3 1 2.41E-4 (25°C) I 1.8Et3 I 
Acenaphthylene 0.8988 (16/2”C) 2.9E-2 3.93E t 0 (25%) 1.17Et4 2.5Et3 1.14E-4 (25-C) lEt3 

Anthracene 1.283 (25/4”C) 1.95E-4 (25°C) 1 ZJE t 0 (25°C) 2.82Et4 1.4Et4 8.6G5 (25°C) 4.7Et3 

Benzo(a)anthracene 1.274 5E-9 1 E-2 (24%) 4.07Et5 2Et5 
I 

6.6E-7 5.3Et4 
I 

I’ 

I II II il j 
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TABLE 3-2 (Continued) 
ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 
Spbcilic 

,@ ;;;!&a 

Benzo(a)pyrene I 1.351 

Chrysene 1 1.274 (20°C) 

Dibenz(a,h)anthracene I 1.282 

fluoranthene I 1.252 

Fluorene I 1.202 

Indeno(l,2,3cd)pyrene 

P-Methylnaphthalene 

NA 

1 .OO!% 

Naphthalene 

Phenanthrene 

1.162 

0.980 (4°C) 

Pyrene I 1.271 (23/4”C) 

Vapor Pressura 
hm Hg IB 20-d4 

Solubili(y 
b’ln e 20+4 

5E-7 1 1.2E-3 (25%) 1 3.72Et6 I 5.5Et5 I 1.2E-5 I - 1.4Et5 

PHTtlMATE ESTERS 

Bis(2-ethylhexyl)phthalate 

Butylbenzyiphthalate 

Di-n-butylphthalate 

Diethylphthalate 

Dimethyiphthalate 

Di-n-ootylphthalate 

0.99 (20/2O”C) 1.2EtO (200°C) 4E-1 (25°C) 2Et5 2Et9 3E-7 2.3Et8 

1.1 (25/25”C) 8.6E-6 2.9EtO 6.03Et4 1.7Et5 8.3E# 4.7E t 4 

1.047 (20/2O”C) lE-1 (115°C) 4Et2 (25%) 1.58Et5 1.7EtS 2.8E-7 (25°C) 4.7Et4 

1.1175 5E-2 (70-C) 1.08E t 3 (25%) 9.12Et2 1.42Et2 8.46E-7 1.07Et2 

1.1905 c lE-2 5Et3 7.41Et 1 1.74Et 1 4.2G7 1.6Et 1 n,=EI 3 

0.978 < 2E-1 (150°C) 3E t 0 (25°C) 1.58Et9 3.6Et9 1.41G12 (25%) 3.9Et8 ?;2 

=E 

$g 

3-L 

1Et 1 (105°C) 2.6E t 1 (25°C) 7.24E t 3 7.27E t 2(“’ 4.99E-4 (25°C) 5.1Etfl - 

8.2E-2 (25%) 3E t 1 (25°C) 234Et3 9.4Et2 4.83E-4 (25°C) 4.2Et2 

1EtO (118.2%) I 8.16E-1 (21°C) I 2.88Et4 I 1.4Et4 1 3.93E-5 (25°C) 1 4.7Et3 

2.5Et 0 (200°C) 1 1.6E-1 (26%) 1 1.51Et5 I 3.8Et4 1 5.1Ea (25°C) 1 1.2Et4 



TABLE 3-2 (Continued) 
ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 
Specific 
Crvvity 

I@ W=d= 

Vapor Prwsurr 
bmn Hg @ 20-ClU’ 

SoldMy 
bngn B 20-e 

OctrnolJWrtrr 
Pmtition 

corffiokm’~ 

Oypnh Carbon 
Partition 

CorfMontHl 

lhnrfa law 
Conrtunt kbw 

m’/molJ(D 

GioconcmtnGon 
Fwtor 

fwlllmpRll~WI 

NITROGEN CONTAlNlNG CHEMICALS 

I 3,3’-Dichlorobenzidine I NA I 4.2E-7 (25°C) 

I N-Nitrosodiphenylamine I NA I lE-1 

MISCELLANEOUS SEMIVOLATILE ORDANICS 

Benzoic acid 

Benzyi alcohol 

Carbazole 

Dibenzofuran 

lsophorone 

PESTICIDES 

Aldrin 

alpha-BHC 

beta-BHC 

delta-BHC 

gamma-BHC (Lindane) 

1.27@1 NA 

1.0419 (24*C/24%) 1.5E-1 (25°C) 

1.1 (18°C/4”C) 4.OE t 2 (323°C) 

1.0886 (99°C/40C) NA 

0.9229 (m*c) 3.8E-1 

1.7 2.3G5 

1.87 6E-2 (40°C) 

1.89 (19°C) 1.7E-1 (40°C) 

1.87 2E-2 

1.891 (19~C/l4~C) 9.4E-6 

I Chlordane I 1.61 (25°C) 1 1 E-5 (25°C) 

I 4,4’-DDD I 1.476 I lE-6 (30°C) 

I 4,4’-DDE I NA I 6.5E-6 

I 4,4’-DDT I 1.5 (15/4”C) I 1.5E-7 

I Dieldrin I 1.75 I 1.8E-7 (25°C) 

I Endosutfan I I 1.745 I 1 E-5 (25°C) 

3.1EtO (25°C) 3.23E t 3 1.553Et3 4.5E-8 (25°C) 9.41Et2 

3.5Et 1 6.16Et2 6.48Et2 3.13EtO 4.26Et2 

2.9Et3”1 7.41Et l’@ 5.4E t ll”’ NA 1.55Et lR 

3.5Et4 1.26Etl 1.4Et 1”” NA 4Et@ 

NA 1.95E t 3’O’ NA NA 1.86Etfl 

1Etl 1 1.32Et4 1 1.23Et3”” 1 NA 1 7.97Et2(“) 1 

1.2Et4 I 5.01Et 1 I 8.7E t 1 I 5.8E-6 I 4.8Et 1 I 

1.7E-2 (25°C) 1 1.288Et5 I 9.6Et4 1 4.96E-4 (25%) I 2.8Et4 I 
1.63E t 0 (25*C) 1 6.46Et3 I 3.8Et3 I 5.3E-6 I 1.5Et3 ~-1 

7E-1 (25°C) I 6.31E+3 I 3.8Et3 I 2.3E-7 I 1.5Et3 I 

2.13E+l (25°C) 1 1.38Et4 I--- 6.6Et3 1-1 2.5E-7 3.5Et3 -1 
7Et0 I 1.74Et3 I 3.8Et3 1 4.93E-7 (25°C) 1 1.5Et3 -1 
5.6E-2 I 6.03Et2 1.4Et5 1 -4.79E-5 (25’C) r4.oEt41 

1.6E-1 (24*C) 9.77Et5 I 7.7Et5 I 2.16E-5 I 1.8Et5 I 
4E-2 I 4.9Et5 I 4.4Et6 I 2.34G5 I 8.9Et5 I 

I I I I I 
3.1 E-3 (25°C) 1.55Et6 3.9Et6 3.89E-5 (25OC) 8Et6 

5 

1.86E-1 1.23Et4 1.7Et3 5.84E-5 (25*C) 7.1Et2 a2 
SC 

3.2E-1 (22’C) 3.55Et3 9.6E-3 1 .Ol E-4 (25°C) 1.2E-2 
I 

GA 

gs 

-J(-L 



TABLE 3-2 (Continued) 
ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 
Specific 
Gravity 

@ 2014511~ 

I Endosulfan II 1 1.745 (20/2O”C) 

I Endosulfan sulfate I NA 

I Endrin I 1.65 (25”C/4”C) 

rT-- Endnn aldehyde I NA 2E-7 (25°C) 1 2.6E-1 (25°C) 1 3.98E+5 1 6.7E+2 1 3.86E-7 (25%) 1 3.1E+2 

Endrin ketone 

Heptachlor 1.57 (9°C) 

Heptachlor epoxide NA 

1 41 (25°C) 
? 

Methoxychlor 

IiJ PCEr 

* 

I Aroclor-1260 1.58 (25”C)‘4’ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

9 10 
0 11 

ii 

NA - Not Available. 
USEPA, September 19921. 
Lyman et al., 1990; Equation 5-3. 
USEPA December 1982. 
ATSDR, October 1992a. 
ATSDR, October 1989a. 
ATSDR, October 1992b. 
Lyman et al., 1990, Eq. 5-2. 
Verschueren, 1983. 
Howard, 1989. 
Lyman et al., 1990; Equation 4-5. 

1 E-5 (25°C) 3.3E-1 (22°C) 4.17E+3 9.6E-3 1.91 E-5 (25°C) 1.2E-2 

1 E-5 (25”C)‘4’ 2.2E-1 4.57E+3 2.4E.2 2.685 (25°C) 2.9&2 

2E-7 (25°C) 2.6E-1 (25°C) 3.98E+5 1.7E+3 4E-7 (25%) 7.1E+2 

.NA I NA I NA 1 NA 1 NA 1 NA 

3E-4 (25°C) I 5 6E-2 (25°C) 1 2.51E+4 1 1.2E+4 1 1.4SE-3 1 4.4E+3 

2.6E-6 I 3 5E- 1 (25°C) 1 4.47Et3 1 2.2Et2 1 3.16E-5 (25°C) 1 l.lE+2 
L I I I I 

1 4E-6 (25°C)‘” 1 4E-2 (24°C) 4.79Et4 1 7.94E t41n 1 1.6E-5 (25.@ 1 2.12E+3’@ 

4E-4 (25°C)” 4.2E-1 (25°C)‘” 3.8E t 514’ 1.8E+5 3.3Ed8 5.OE+4 

1.3E-3 (25°C)“’ 2.3E-1 (25°C)“’ 1.3E+4’4 6.3E+3 1.98E-3’G 2.3E+3 

4.94E-4’” 5.4E-2(” 5.75E t 5’4’ 2.77Et5 3.6E-31” 7.29Et4 

7.71 E-5”’ 3.1 E-d41 l.lEt@ 5.3Et5 2.6E-3’G 1.3Et5 

4.05E-5’4’ 2.7E-3”’ 1.4EttiG 6.7Et6 7.4E-lHI 1.3Et6 
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TABLE 3-3 

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR INORGANICS 
NSB-NLON, GROTON, CONNECTlCUT 

Element 
Molecular 

Weight 
(g/mole) 

Soil/Water Distribution Bioconcentration 
Coefficient (Kd)(‘) Facto@) 

OWs) (L/kg) 
I 

Antimony 121.75 NRt3’ NR 

Arsenic I 74.92 I 1.0 - 8.3 I 44 I 

Barium 

Beryllium 

Boron 

137.34 NR NR 

9.01 NR NR 

10.81 NR NR 

Cadmium I 112.4 I 1.3 - 27 I 64 I 

Chromium Ill I 52.0 I 470 - 150,000 I 16 I 

Cobalt I 58.93 I 0.2 - 3,800 NR 

1 Dragun, 1988. 
2 USEPA, 1991f. 
3 NR - Not reported. 

D-01-95-10 3-l 30 CT0 129 



TABLE 3-4 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS -AQUEOUS MEDIA 
NSB-NLON, GROTON CONNECTICUT 
PAGE 1 OF 4 

Chemical 
1.1.1.Trichloroethane 
1 ,1,2,2-Tetrachloroethane 
1 ,1,2-Trichloroethane 
1,l -Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1.2.Dichloroethene (total) 

Groundwater Surface Water 
..-A,- I.\ e-aA..L.‘..#. w..L.r cI~....l~r..4s c,-B+a Dsmarli~li~n clemw4r.A~ ,a ~d-d dwnr Ia\ Ctd.. AWnC 171 rntl”lQ \ I, “llllnlll~ ..a,=8 vkaII”w#“= Y-&T I\~III.zYI~.I”I. YW..YP.YI \“, . .+“I,... rx..“W \“, “....” rx..“W \. , 

Groundwater 8 Consumption of Consumption of 

Surface Water Federal OrgsnismsbVater Organisms/Water 
CDC Screening MCUMCLG (3) State MCL (4) Groundwater Surface Water EL Organisms & Organisms 

GW SW Level (2) (mg/L) WW-1 (mg/L) Protection (mg/L) Protection (mg/L) OWL) @WI 
X ND 0.13 0.2 IO.2 0.2 0.2 62 17013.1 -13.1 

X ND 5.2E-5 NA NA 5E-4 0.11 0.011 I 1.7E-4 0.011 I 1.7E4 

x x 1.9E4 0.005 IO.003 0.005 0.005 1.26 0.042 16.0E-4 0.042 I6E4 

X ND 0.081 NA NA 0.07 NA NA NA 

X ND 4.4E-5 0.007 IO.007 0.007 0.007 0.096 0.0032 I5.7E-5 0.0032 I5.7E-5 
X ND 1.2E-4 0.005 IO 0.005 0.001 2.97 0.099 I3.8E-4 0.099 13.8E-4 

X ND 0.0055 (8) 0.07 / 0.07 (9) 0.07 (9) 0.07 (9) NA 140 IO.7 (10) NA 

. .._ _,_ -.- ..__ r 
rhlnmdhqne 



TABLE 34 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS -AQUEOUS MEDIA 
NSB-NLON, GROTON CONNECTICUT 
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M 
-.--..-_.-_-. 

Media (1) Drinking Water Standards State Remediation Standards (5) Federal A 
Groundwater 8 Consuml 
Surface Water Federal OrganlsmdWater OrganismsMater 

COC Screening MCUMCLG (3) State MCL (4) Groundwater Surface Water 6 Organisms I * Organisms I 

I I Groundwater I Surface Water 
WQC (6) 1 State AWQC (7) 
ption of 1 Consumption of 

I Chemical 1 GW 1 SW 1 Level (2) (mg/L) 1 OWL) I (mgn) IProtection (mg/L)jProtection (mglL)j (mgn) I (WL) 
NA I NA I NA 1 O.OOQl I l.iE4 t 0.0091 ll.lE-4 2,CDinitrotoluene 

P-ChloroDhenol 
1 x INDI 0.0073 I NA I 
I x INDI 0018 NA or I 

1 i [ND1 
I _. I NA I 0.036 I NA 0.4 IO.12 NA 

2-Methylnaphthalene NA I NA I NA NA NA NA NA 
P-Methvbhenol 1 X INC NA NA NA 

ithracene 
. . . I .., . 

I 
. ., . 

I I 

I x INDI 9.2E-5 I NA I NA I 6E.5 311 

Dibenzofuran 
Diethylphthalate 
Dimethylphl 
Fluoranther 

I NA I NA 3.1 lE-5 I-2.8E-6 3.1 E-5 I 2.8E-6 
NA NA NA 
NA 120123 120123 

Naphthalene 
Phenanthrene 
Phenol 
Pvrene 

X ND 0.15 NA NA 0.26 
X ND NA NA NA 0.2 
X ND 2.2 NA NA 4 
X ND 0.11 NA NA 0.2 

29001313 1 29001313 
0.37 IO.3 I 0.37 IO.3 



“) 
TABLE a-4 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS -AQUEOUS MEDIA 
NSB-NLON, GROTON CONNECTICUT 

5 

PAGE 3 OF 4 

6 
I I I Groundwater ! Surface Water 1 
1 Media 1111 1 DrinkinQ Water Standards ! State Remediation Standards (5) ! Federal AWQC (S) ! State AWQC (7) 1 

Groundwater 8 I I I Consumption of Consumption of 
sunace water 

1 COC Screening 1 MCIZZ (3) I State MCL (4) Groundwater I Sutface Water I 
urgamsmsrwater urgamsmsrwarer 

& Organisms 1 &Organlsms 
Chemical 

4,4’-DDD 
A A’J-ll-lF _,. --- 

4.4’-DDT 

; 

IHnotachlar ,-I--------- 
Aluminum 
Antimonv 

GW SW Level (2) (me/L) (mglL) P-W) Protection (mglL) Protection (mg/L) OWL) owLI 
ND X 2.6E-4 NA NA NA NA &4E-7 I &3E-7 8.4E-7 I8.3E-7 
ND X ..- . . 2E-4 

iid 
I 

NA 
1 

NA NA NA 5.9E-7 I !i.QE-7 59E-7 I5.9E-7 

INDI x I I NA I ii NA NA t 5.9E-7/5.9E-7 1 5.9E-7 I 5.9E-7 
” I .a_ I 

,;2 i 

” L.6E-4 5E-4 IO (25) SE-4 (25) 5E-4 (25) 5E-4 (25) 4.5E-0 I4.4E-8 (25) 4.5E-0 I4.4E-8 (25) 
7.3E-5 5E-4 IO (25) 5E4 (25) 5E-4 (25) 5E-4 (25) 4.5E-6 14.4E-6 (25) 4.5E-6 i4.4E-6 (25) 

IX ND 8.7E-6 5E4 / 0 (25) 5E-4 (25) 5E-4 125) 5E-4 1251 4.5E-a I4.4E-8 f25I 4.5E-8 I4.4E-a (251 
ND X NA NA NA Ni’ N/i ’ 

4E-4 4E-4 5E-5 ,x x 2.3E-6 4E-410 F 
Ix x 3.7 0.05 - 0.2 (13) 
I x ND 0 0015 0.006 / 0.006 

~. * 

SE-4 8.1E-4 I7.6E-i ’ 
IE-7 2.1E-7 /2.1E-7 

NA NA NA NA NA 
0.006 0.006 86 4.3 IO.014 4.3 IO.014 

I x I x I 4 SF-5 I OO!il- I 0 05 0.05 0.004 1.4E4 I 1.6E-5 0.00014 I 1 .BE-5 
212 

---I- 
2 I 1 I NA I NA I NA 

004 0 004 I 0.004 I 0.004 1 1.3E-4 17.7E-6 I 1.3E-4 17.7E-6 

, ..“v...- 

Barium 
Beryllium 

Boron 
Cadmium 

Calcium 
Chromium 

. . . . ..-- - 

x x 0 26 
X ND 1.6E-5 000410..- , 
x x 0 33 NA NA NA NA NA NA 
x x 0.0018 0.005 IO.005 0.005 0.005 0.006 0.17 IO.016 0.17 IO.016 
x x NA NA NA NA NA NA NA 
x x 0.018 (14) 0.1 IO.1 (15) 0.1 (15) 0.05 (15) 1.2 (16) 670 I33 (16) 670 I33 (16) 

Cobalt 

j%wr 
Cyanide 

0.11 (14) 3.4 IO.17 (14) 3.410.17(14) 
x x 0.22 NA NA NA NA NA t4A 

x x 0.15 1.3 Il.3 (17) NA 1.3 0.048 -I 1.3 NA 

x x 0.073 (17) n 1 ’ n 1 I-b* n.3 n #-kc- ~,~,#I7 9-X-i,#7-? 

Iron 
I Pclej 

In&urn 

I “.L I “.L I “4 I “.L I “.“JL I LlU, “.I I LL” I v., 

0.3 113) c NA NA NA NA I NA x x 1.1 
x x 0.015(16) 1 Of’H5/~~17\ 1 NA I 0015 I 0 t-J13 I -I005 I -IO 

x x NA 
LIWI 

Mag. .__._. . 
Mpnnsnnem 
Mf 

-. - . - . - . . , .-. -.- .- -.- .- -.-- -.05 
NA NA NA NA I NA NA 

I x I x I 4.05 (13) 5 (19) NA NA NA NA 
102 I 0.002 0.002 0.002 4E-4 1.5E-4 I 1.4E-4 1.5E4 I 1.4E-4 

0.1 0.1 0.88 4.6 IO.61 4.6 IO.61 

a 
3 



TABLE 34 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS -AQUEOUS MEDIA 
NSB-NLON, GROTON CONNECTICUT 
PAGE 4 OF 4 

Groundwater 8 
Surface Water 

1 X - Indicates that chemical was detected in this medium. 
2 For residential tap water ingestion, based on current USEPA Region Ill guidance (USEPA Region Ill, 

October 1995e). 
3 Maximum Contaminant LeveVMaximimum Contaminant Level Goal (USEPA. May 1995c). 
4 Tile 19, Health and Safety, the Public Health Code of the State of Connecticut, Chapter II Environmental Health. 
5 CTDEP, January 1996. 
6 Ambient Water Quality Criteria (USEPA, 1966). 
7 Connecticut Water Quality Standards, 1992. 
6 1,2-Dichloroethene (mixture). 

cd 9 Cis-1 ,ldichloroethene. 
L 10 Trans-1,2dichloroethene. 

Y 11 I.3Dichloropropene (total). 
12 Xyienes (mixture). 
13 Seconday MCL, based on aesthetic drinking water qualities. 
14 Chromium (hexavalent). 
15 Chromium (total). 
16 Chromium (trivalent). 
17 Action Level. 
16 Hydrogen cyanide. 
19 Current Connecticut Department of Public Health and Addiction Services Action Level. 
20 Values for acute exposure; criteria for chronic exposure not available. 
21 Notification Level. 
22 Thallic oxide. 
23 CTDEP remediation standard for groundwater protection used to qualitatively identify TPH as a COC. 
24 Total for trihalomethanes (bromodichloromethane, bromoform, chloroform, and dibromochloromethane). 
25 Total PCBs (sum of all Aroclors). 
ND - Not Detected 
NA - Not Available 

c III/ (” ki,l c II 



TABLE s-5 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - SOLID MEDIA 
NSB-NLON, GROTON, CONNECTICUT 

P PAGE 1 OF 5 

Y E; WI 

a 
h 

Chemical 
1,l ,l-Trichloroethane 
1 ,I ,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1, I-Dichloroethane 
l,l-Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 

1 ,ZDichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,3dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methvlene chloride 
Stvrene 

Toluene 
Trans-1 ,3-dichloropropene 
Trichloroethene 
Vinyl acetate 

Groundwater Industrial Direct 



TABLE 3-5 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - SOLID MEDIA 
NSB-NLON, GROTON, CONNECTICUT 
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8 
s 

Groundwater lndustrlal Direct 

3 
INa 
al 

a 
Di-n-octylphthalate x x 160 2.7 1600 NA 100012500 2120 =I @I 

iii 
Dibenzo(a,h)anthracene X ND 0.088 - 4.3E-4 0.09 NA 11 NA NA 
Dibenzofuran 

sg 
x x 31 0.54 NA NA NA NA NA co 

-J-L 



TABLE a-5 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - SOLID MEDIA 
NSB-NLON, GROTON, CONNECTICUT 
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Soil/Sediment 

Med!a (I) COC Ccreenina Level 121 _ L _.__..... il --. -. ,-, USEPA SSLs (3) 1 State Remedlation Standards (4) 

I I I I I I 

Chemical lfiftd Flrhl Imalka) 1 (mglkg) (mglkg) (mglkg) ‘::I? E!~~~~~~~) ~~~~g)d 

Soil/Sediment FinfishlShellfish IngestIon lnhalatlon 

iln 6 RI=+4 520 110 NA NA 
- ..-....- -. ,--- 

ethylphthalate lxx ’ 6;00’ 

lvlmethylphthalate IX ND 7.aE+4 

Fluoranthene x x 310 

Fluorene x x 310 
Ind~nnll 3 R-cd\nvrene X ND 0.88 

.” -.-- --- ._ 

1400 7.8E+5 1600 1200 NA 
5.4 3100 NA 980 100012500 
5.4 3100 NA 160 100012500 

0.0043 0.9 II 

E NA 
5.6 I56 
5.6 I56 

ii 

.-_ 

35 NA NA 
..‘““...9\ .,-,- --,r,.-..- 

lsophorone 
i 1 --- 

ND 670 3.3 670 3400 0.2 NA NA 
N-Nitrosodiphenylamine X ND 130 0.64 130 NA 0.2 NA NA 
Nanhthalmw V V r;A NA 30 100012500 5.6 I56 



TABLE 3-5 
RISK-BASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - SOLID MEDIA 
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Soil/Sediment 
Media (1) COC Screening Level (2) USEPA SSLs (3) State Remediation Standards (4) 

Migration to Residential/ GA(GAA)/GB 
Soil/ Soil/Sediment FlnfishlShellfIsh Ingestion inhalation Groundwater Industrial Direct Pollutant 



TABLE a-5 
RISK-EIASED COC SCREENING LEVELS AND OTHER HEALTH-BASED STANDARDS - SOLID MEDIA 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 5 OF 5 

I 

Soil/Sediment 

Media (1) COC Screening Level (2) USEPA SSLs (3) 1 State Remediation Standards (4) 
I I I I I I 

iSilver Chem,cal IS$ 1 Ingestion 1 Inhalation 1 (?izEr ( lnf~~~~~~~t ( Gtzk?B 1 ) 1 Soil/Sediment FinfishlShellfish 

ISodium I x 
IThallium I x 
[Vanadium I x 
Zinc 
TPH 

1 x 
I x 

* 
1 X - Indicates that chemical was detected in this medium. 
2 Based on current USEPA Region Ill guidance (USEPA Region III, October 1995e). Residential soil ingestion for soil and sediment, Fish ingestion for finfish and #II 

shellfish. ..m. 1 
3 USEPA Soil Screening Levels (USEPA, December 1994n). For migration to groundwater, values associated with a dilution and attentuation factor (DAF) presented. .f . . 

0 
L 

4 CTDEP, January 1996. ~^.e 

2 
5 1 ,ZDichloroethene (mixture). . ..” 
6 Cis-1,2dichloroethene. . . 
7 Trans-1 ,Zdichloroethene. ,I. 
8 1 &Dichloropropene (total). 
9 Xylenes (mixture). 
10 Chlordane. 
11 Endosulfan. 
12 Based on toxicity equivalent factors (TEFs) for 2,3,7&TCDD (USEPA, March 1989). 
13 Chromium (hexavalent). 
14 Chromium (trivalent). 
15 Hydrogen cyanide. 
16 OSWER soil screening level for residential land use (USEPA, July 14, 1994). 
17 Thallic oxide. 
18 CTDEP remediation standard for resdiential land use and GAIGAA pollutant mobility used to qualitatively identify TPH as a COC. 
19 Total PCBs (sum of all Aroclors). 
20 Criteria in mg/L for Toxicity Characteristic Leaching procedure (TCLP) or Synthetic Precipitation Leaching Procedure (SPLP) analytical results. 
21 Total chromium. 
22 Criteria for SPLP only. 

a 
ND - Not Detected 

Ii 
NA - Not Available 



TABLE 3-6 
RISK-BASED COC SCREENING LEVELS AND OTHER-BASED STANDARDS -AIR 
NSB-NLON, GROTON, CONNECTICUT 

g PAGE1 OF1 

rb * 

TABLE 3-6 
RISK-BASED COC SCREENING LEVELS AND OTHER-BASED STANDARDS -AIR 
NSB-NLON, GROTON, CONNECTICUT 

g PAGE1 OF1 

ACGIH TLVs (2) ACGIH TLVs (2) I Stat State Remediation Standards (3) tandards (3) 
I 1 Hewdential Target 1 lndustnal Target Hewdential Target Industrial Target 

Indoor Air Indoor Air 
COC Screening Concentration Concentration 

Chemical Level (1) TWA (mg/m3) STEL (mglm3) (mglm3) (mglm3) 
Acetone 0.037 1780 2380 0.834 1.17 

1 Based on current USEPA Region III guidance (USEPA Region III, October 1995e). 
2 Amercian Conference of Governmental Industrial Hygienists (ACGIH, 1995). Time-Weighted Average (TWA) and Short-Term Exposure 

Limit (STEL) presented. 
3 CTDEP, January 1996 

NA - Not Available. 
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TABLE 3-7 

CANCERSLOPEFACTORSFORCHEMlCALSOFCONCEFlN 
NSB-NLON, GROTON, CONNECTICUT 

I Chemical I Weight of 1 CSF Oral 
Evidence @WWW)“ 

Aldrin B2(2’ 1.5E+lt2’ 

CSF Inhalation Gastrointestinal 
Ow/Wday)qi Absorption Factor 

1.51E+1(2) ‘NA(‘) 

CSF Dermal 
OWWdw)‘i 

1.5Et 1 

Water: 3E-1, CTEI=) 
Water: 4E-1, RME 
Solid: lE+O, CTE 
Solid: 2E to. RME 

1.6EtO 

Aroclors (all) 
I I 

1 Water: 3E-1, CTE@) 

B212’ 
Water: 4E-1, RME 
Solid: 1 Et 0, CTE 
Solid: 2Et0, RME 

NA 

o.95t8’ IA rsenic I 1.5EtOt4’ 

Benzene I A(2) 2.9E-2(2’ 1 .otg’ 2.9E-2(” 2.9E-2 
I 

Benzo(a)anthracene B2(2’ 7.3E-l @’ 

Benzo(b)fluoranthene B2’2’ 7.3E-l @’ NA NA 

NA NA 1 Benzo(k)fluoranthene I B2”’ 1 7.3E-2’b’ 

Benzo(a)pyrene B2’2’ 7.3E t Ot2’ . _ 

Beryllium 

Bis(2-ethylhexyl)phthalate 

B2(2’ 4.3E t Of2’ 

B2’2’ 1 .4E-2(2’ 

I 

8.4E t 0’2”24’ o.o5(‘O’ I 8.6E t 1 I 
I I 

I 0.55(“’ I 2.5E-2 I 

Bromodichloromethane 

Cadmium \ 
Carbazole 

Carbon dlsulfide 

Chlorobenzene 

Chlordane 

Chloroform 

Chloromethane 

B21’) 6.2E-2(Z’ 

Bl (2’ 

2.0E-213’ 

D 

B2’2’ 1 

B2(2) 6.1 E-3(2’ 

d3’ 1 .3E-2(3’ 

I NA I 6.2E-2 I 
6.3E t O@’ o.05~‘2’ 

NA 2.OE-2 

o.3(13’ 

1.29E t O(2)(22) 0.80(14”~ 1.6E t o(=’ 
I 1 

8.05E-212’ I 1 .o’15’ I 6.1E-3 I 
1 I 

6.3E-3(3’ I NA I 1.3E-2 1 

4.2E tm 
I I 

I NA Chromium 

Chrvsene 

A(2”23’ 

B2(2’ 7.3E-3(“’ NA NA 

0.8(16’ 3.OE-1 
. 

4,4’-DDD B2(2’ 2.4E-1 (2’ 

4.4’-DDE B2(2’ 3.4E-1 ‘2’ 
I I 

I 0.8(16’ I 4.2E-1 
I I 

4,4’-DDT B2’2’ 3.4E-1 (2’ 
I I 

3.4E-1 12’ 0.8(16’ 4.2E-1 I 

Dibenz(a,h)anthracene 

1,4-Dichlorobenzene 

3.3’-Dichlorobenzidine 

B2(2’ 7.3E t Op’ 

2.4E-213’ 

B2(2’ 4.5E-1 (2’ 

- NA NA 

1 .o(“’ 2.4E-2 



TABLE 3-7 (Continued) 
CANCER SLOPE FACTORS FOR CHEMICALS OF CONCERN 

z 
NSB-NLON, GROTON, CONNECTICUT 

Weight of Evidence 

? 
0 

ii 

1 NA - Not Available. 
2 IRIS, USEPA, December 1995f. 
3 USEPA, March 1994j. 
4 Proposed based on carcinogenicity. 
5 ECAO provisional value, USEPA, Region Ill, October 19958. 
6 USEPA, July 1993g; Region I, August 1994m. 
7 USEPA, March 1989c; December 1995f. 
8 ATSDR, October 1991 a. 
9 ATSDR, October 1991 b. 
10 ATSDR, October 1991f. 
11 ATSDR, October 1991 c. 
12 ATSDR, October 1991 g. 
13 ATSDR. October 1989b. 

t I 

14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 

ATSDR, October 1992d. 
ATSDR, October 1991d. 
ATSDR, October 1992~. . 
ATSDR, October 1991 e. 
ATSDR, February 1988 value for children. 
ATSDR, November 1987b. 
ATSDR, January 1988. 
Withdrawn from IRIS; no other toxicity criteria available. 
Used to assess risks associated with alpha- and gamma- 
chlordane. 
Hexavalent chromium. 
Used if alr concentration Is less than 4 pg/m3. 
CSFs based on tiered approach to evaluating cancer risks for 
PCBs (USEPA, September 1996). 

hh 



TABLE 3-8 

Revision 1 
March 1997 

ESTIMATED ORDERS OF POTENTIAL POTENCY FOR CARCINOGENIC PAHs”’ 
NSB-NLON, GROTON, CONNECTlCUT 

Chemical 
Welght-of- Order of Potential 
Evidence Potency 

1 Benzo(a)anthracene 

1 Benzo(b)fluoranthene 

1 Benzo(k)fluoranthene 

I B2 I 

I B2 I 

I 82 I 
I Benzo(a)pyrene I B2 I 1.0 I 

I Chrysene I B2 I 0.001 -1 
I Dibenz(a,h)anthracene I 82 I 1.0 I 

I Indeno(l,2,3-cd)pyrene I B2 I 0.1 

1 USEPA, July 19939; USEPA Region I, August 1994m. 

D-01-95-10 3-143 CT0 129 



Revision 1 
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TABLE 3-9 

TOXICITY EQUIVALENCE FACTORS (TEFs) FOR CDDs AND CDFs”’ 
NSB-NLON, GROTON, CONNECTlCUT 

1 USEPA, March 1989~. 

D-01-95-10 3-144 CT0 129 
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TABLE 3-10 

REFEIRENCE DOSES AND ENDPOINTS/TARGET ORGANS FOR CHEMICALS OF CONCERN 
NSB-NLON, GROTON, CONNECTICUT 

Acetone 

t- Aldrin 

lE-la, O.so” 

3E-5g’ N#ll 

BE-1 

3E-5 

Liver, kidney 

Liver 

4E&’ 0.95 

2E-5°xzs’ - NA 

3E@ 0.950 

4E-4 Whole body, blood 

2E-5 Eyes, fingers, nails 

2.8E-4 Skin 

‘E@’ 1.43E-4’a 

1.71 E-3(n 

0.05~” 

1 .d’@ 

3.5E-3 
Cardiovascular (oral) 
Fetus (inhalation) 

Not Reported 

Bis(2-ethylhexyl)phthalate 

5E#’ OEP 

2E-2” 0X5(” 

2.5E-4 

l.lE-2 

Not Reported 

Liver 

I Boron I 9E-2(*’ 
I 

5.71 E-3’s 
I 

0.05'4' 
I 

4.5E-3 
I 

Testes (oral) 
Respiratory (inhalation) 

I Bromodichloromethane I 2E-2@’ 1 - 1 NA 1 2E-2 I Kidney 

Cadmium I- Carbon disulfide 

5E4o’ 

lE-l(*’ 

5.71 E-56’ 

2.OE-l(*’ 

0.05'@ 

NA 

2.5E-5 

1 E-l 

Kidney 

Fetus (oral XI inhalation) 

IE;Kdane 4.8E-5 Liver 

I Chlorobenzene I 2E-2’*’ 5.71 E-3’” 
I 

0.3”s’ 
I 

6E-3 
I 

Liver (oral) 
Liver, kidney (inhalation) 

IChloraform 

I I I I I 

I 1 E-2(*’ I I I ,d’c’ I 1 E-2 1 Liver 

Chromium 

t- Dibenzofuran 

5E-3ox31’ o.oF 

4E-3a’ NA 

lE-4 

4E-3 

Not Reported 

Not Reported 

I Di-n-butylphthalate I lE-l(*’ 1 - 1 0.90’2” 1 9E-2 1 Whole body 

2E-3’*’ NA 

5E-4’*’ 0.801~’ 

2E-3 Not Reported 

4E-4 Liver 

I 1 &Dichlorobenzene I - 1 2.29E-1”’ 1 i.olzl) 1 - 1 Liver 

I l,P-Dichloroethane I - I 2.86E-3” I NA I - 1 Not Reported 

9E-3’*’ NA 9E-3 Liver 

1,2-Dichloroethene 
(mixture) I 9E-3’” 

I I NA 
I 

9E-3 
I 

Liver 

(Grin I 5E-5’*’ 1 - 1 NA 1 5E-5 1 LiCer ~~~~ 1 

1 2,CDimethylphenol I 2E-2’*’ 1 - 1 NA I 2E-2 I CNS, blood I 
1 Heptachlor 5E-4’2’ NA 

I 
5E-4 Liver 

D-01-95-10 3-145 CT0 129 
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TABLE 3-10 (Continued) 
REFERENCE DOSES AND ENDPOINTS/TARGET ORGANS FOR CHEMICALS OF CONCERN 
NSB-NLON, GROTON, CONNECTICUT 

Chunicrl 

Heptachlor epoxide 

Manganese 

Mercury 

Methoxyohlor 

Methylene chloride 

RfD Oml- RfD Inhalrtion 
Chmnic Chmnlc 

hAllld~vl hrokdW1 

1 .3E-5”’ 1 

Gwtmimwtlml 
kwrption 

Factor 

NA 

MD Dennl- 
chronic 

h’dhlldrV1 

1 LIE-5 

Toxic Endpoints or 
Twgmt OrgrIm 

Liver 

2.4E-2 

3E-@ 

5E30 

SE-29 

1 &E-5(2) 

8.57E-5(” 

6.57E-1(9 

0.03”4 

0.d”’ 

NA 

1 .d’W 

7.2E-4 

1.5E-5 

5E-3 

6E-2 

Not Reported 

Kidney (oral) 
CNS (inhalation) 

Reproduction 

Liver (oral and inhalation) 

I 2-Methylphenol 
I 

5E-2P) 
I I NA I 5E-2 

I 

Respiratory system, whole 
body effects 

I 4-Methylphenol 
I 

5E# 
I I NA I 5E-3 

I 
CNS, respiratory system, 
whole bodv 

1 Naphthalena I 4E-2’“’ 1 - NA 4E-2 Whole body 

I 1,2,4Trichlorobenzene 
I 

1 E-g 
I 

5.71 E-2(@ 
I 

NA 
I 

l-E2 
I 

Adrenal glands (oral) 
Liver finhalationj 

Trichloroethene 6E@ 

Vanadium 7E-3’@ 

l.Om’ 

0.05’4’ 

6E-3 

3.5E-4 

Not Reported 

Not Reported 
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TABLE 3-10 (Continued) 
REFERENCE DOSES AND ENDPOINTS/TARGET ORGANS FOR CHEMICALS OF CONCERN 
NSB-NLON, GROTON, CONNECTICUT 

Mu Oml- 
Chroflb 

WWW 

2E+d5 

‘3E-lUI 

RfD lnhdrtion 

Chmnic 

lfwww 

betminta8tind 

Absorption 
Factor 

0.90” 

0.50”” 

RfD Dormal- 

ChrolllO 
Toxic Endpoint8 or 

blkolday) TwJ.~ OFI- 

l.aE+O CNS, whole blood 

1.5P1 Blood 

6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 

NA - Not Available. 
USEPA, December 19951. 
Value for thaflic carbonate. 
Default value, USEPA, December 1989f. 
ECAO provisional value; USEPA Region Ill, 
October 1995e. 
USEPA, March 1994~. 
ATSDR, October 1991a. 
ATSDR, October 1991g. 
ATSDR, October 1969d. 
USEPA September 1964a. 
ATSDR, October 1992e. 
ATSDR, October 1991h. 
Elinder, 1986. 
ATSDR, October 1991~. 
ATSDR, October 1993a. 
ATSDR, October 1991b. 
ATSDR, October 1991f. 

ia 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 

30 

31 

32 

33 

ATSDR, October 1969b. 
ATSDR, October 1991d. 
ATSDR, October 1992c. 
ATSDR, October 1991e. 
ATSDR, January 1988. 
ATSDR, October 1969a. 
USEPA, September 1964b. 
ATSDR, October 19921. 
ATSDR, October 1989e. 
ATSDR, October 1969f. 
Value for Aroclor-1254 used to assess risks for all 
aroclors. 
ATSDR, October 1992d. 
Withdrawn from IRIS; no other toxicity criteria 
available. 
Hexavalent chromium. 
Derived by assuming ingestion of 2lJday over a 
lifetime. Chronic exposure benchmark, 1,3 mg/L, 
used (USEPA, March 1994). 
ATSDR, October ls91j. 
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TABLE 3-11 

HEALTH ADVISORIES FOR CHEMICALS OF CONCERN”) 
NSB-NLON, GROTON, CONNECTICUT 

Aldrin 
1 -Day/Child: 0.0003 
1 O-Day/Child: 0.0003 
Longer-term/Child: 0.0003 

F\ntimony 

Benzene 

Beryllium 

Boron Longer-term/Child: 0.9 

Bromodichloromethane 

Cadmium 

7.. 

=4 
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TABLE 3-‘11 (Continued) 
HEALTH ADVISORIES FOR CHEMICALS OF CONCERN”’ 
NSB-NLON, GROTON, CONNECTICUT 

Chlorobenzene 

Chloroform 

Chloromethane 

Chromium 

Chrysene 

1 ,4-Dichlorobenzene Longer-term/Child: 10 
Longer-term/Adult: 40 
Lifetime: 0.075 

3,3’-Dichlorobenzidine NA 
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TABLE 3-11 (Continued) 
HEALTH ADVISORIES FOR CHEMICALS OF CONCERN”’ 
NSB-NLON, GROTON, CONNECTiCUT 

1 ,P-Dichloroethane 
lo-Day/Child: 0.7 
Longer-term/Child: 0.7 

cis-1,2-bichloroethene 

bans-1,2-Dichloroethene 
Longer-term/Adult: 6 

1 ,l -Dichloroethene 
Longer-temr/Aduit: 4 
Lifetime: 0.007 

Dieldrin 

2,4-Dinitrotoluene 

Heptachlor 

Heptachlor epoxide 
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TABLE 3-11 (Continued) 
HEALTH AtDViSORIES FOR CHEMICALS OF CONCERN”’ 
NSB-NLON, GROTON, CONNECTiCUT 

Chemical Heaith Advisory (mg/L) 

1 -Day/Child: 0.05 
1 O-Day/Child: 0.05 

Methoxychlor Longer-term/Child: 0.05 
Longer-term/Adult: 0.2 
Lifetime: 0.04 

Methyiene chloride 

Gthylphenol 

Q-Methylphenol 

Naphthalene 

Nickel 

1 -Day/Child: 10 
1 O-Day/Child: 2 

NA 

NA 

1 -Day/Child: 0.5 
1 O-Day/Child: 0.5 
Longer-term/Child: 0.4 
Longer-term/Adult: 1 
Lifetime: 0.02 

1 -Day/Child: 1 
1 O-Day/Child: 1 
Longer-term/Child: 0.5 
Longer-term/Adult: 1.7 
Lifetime: 0.1 

2-Nitroaniline 

OCDlD 

Selenium 

Silver 

=‘,2-Tetrachloroethane 

Tetrachloroethene 

Thallium 

Toluene 

NA 

NA 

NA 

1 -Day/Child: 0.2 
lo-Day/Child: 0.2 
Longer-term/Child: 0.2 
Longer-term/Adult: 0.2 
Lifetime: 0.1 

NA 

1 -Day/Child: 2 
1 O-Day/Child: 2 
Longer-term/Child: 1 
Longer-term/Adult: 5 

1 -Day/Child: 0.007 
1 O-Day/Child: 0.007 
Longer-term/Child: 0.007 
Longer-term/Adult: 0.02 
Lifetime: 0.0004 

1 -Day/Child: 20 
1 O-Day/Child: 2 
Longer-term/Child: 2 
Longer-term/Adult: 7 
Lifetime/Adult: 1 
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TABLE 3-11 (Continued) 
HEALTH ADVISORIES FOR CHEMICALS OF CONCERN”’ 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 

1,2,4-Trichlorobenzene 

1 ,l ,l -Trichloroethane 

1 ,l ,P-Trichloroethane 

Trichloroethene 

Vanadium 

Vinyl chloride 

Xylenes 

Zinc 

Health Advisory (mg/L) 

1 -Day/Child: 0.1 
lo-Day/Child: 0.1 
Longer-term/Child: 0.1 
Longer-term/Adult: 0.5 
Lifetime: 0.07 

1 -Day/Child: 100 
1 O-Day/Child: 40 
Longer-term/Child: 40 
Longer-term/Adult: 100 
Lifetime: 0.2 

1 -Day/Child: 0.6 
lo-Day/Child: 0.4 
Longer-term/Child: 0.4 
Longer-term/Adult: 1 
Lifetime: 0.003 

NA 

NA 

1 -Day/Child: 3 
1 O-Day/Child: 3 
Longer-term/Child: 0.01 
Longer-term/Adult: 0.05 

1 -Day/Child: 40 
1 O-Day/Child: 40 
Longer-term/Child: 40 
Longer-term/Adult: 100 
Lifetime: 10 

1 -Day/Child: 6 
1 O-Day/Child: 6 
Longer-term/Child: 3 
Longer-term/Adult: 12 
Lifetime: 2 

1 USEPA, May 1995c. 
NA Not Available 
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TABLE 3-12 

SUMMARY OF RECEPTORS BY SITE 
NSB-NLONF GROTON, CONNECTICUT 

15 - Spent Acid Storage/Disposal __ X -- __ -- X 
Area 

Thames River __ -- -- X __ -- 

1 Evaluation performed for North Lake only. 
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Revision 1 
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SUMMARY OF EXPOSURE ROUTES EVALUATED QUANTITATIVELY 
NSB-NLON, GROTON, CONNECTICUT 

Receptors I Exposure Routes 

Potentially Complete Exposure Pathways 

Construction Workers 

Full-Time Employees 

Older Child Trespassers 
(ages 6-16 years) 

Adult and Child Recreational Users(2) 

l Soil Ingestion (subsurface and surface) 
l Soil Dermal Contact (subsurface and surface)(‘) 
0 Inhalation of Air/Dust (subsurface and surface) 
0 Dermal Contact with Groundwater 

l Soil Ingestion (surface) 
0 Soil Dermal Contact (surface)(‘) 
0 Inhalation of Air/Dust (surface) 

0 Soil Ingestion (surface) 
0 Soil Dermal Contact (surface)(‘) 
0 inhalation of Air/Dust (surface) 
0 Surface Water ingestion 
0 Surface Water Dermal Contact 
0 Sediment Ingestion 
0 Sediment Dermal Contact(‘) 

0 Surface Water Ingestion (swimming/skiing) 
0 Surface Water Dermal Contact (swimming/skiing) 
0 Sediment ingestion (swimming) 
0 Sediment Dermal Contact (swimming)(‘) 
l Ingestion of Finfish/Sheilfish 

Incomplete Exposure Pathways 

Future Residents (Adult/Child) 0 Soil ingestion (surface and subsurface) 
0 Soil Dermal Contact (surface and subsurface)(‘) 
l Inhalation of Air/Dust (surface and subsurface) 
l Direct Ingestion of Groundwater(3) 
0 Dermal Contact with Groundwater while 

Showering/Bathingt3) 

1 Quantitative evaluation performed for cadmium, PCBs, and dioxins. 
2 Swimming evaluated for North Lake (adult and child): waterskiing and ingestion of finfish/sheiifish 

evaluated for Thames River (adult only). 
3 Exposure to groundwater not evaluated for sites along Thames River (DRMO, Goss Cove Landfill, 

and Lower Subase) because of saline conditions 
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TABLE 3-14 

EXPOSURE PARAMETERS FOR TRESPASSERS AND FUTURE RESIDENTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Parameter 
(units) 

Trespasser 
years) 

Future Residents’2’ 

Exposure 
Scenario 

Adult I Child 

CTE 

Soil/Sediment 
Ingestion 

Exposure Concentration ‘mg/kg) 

Ingestion Rate ‘mg/day) 

Exposure Frequency ‘day&r) 

95% UCL 

100 

120’3’ 

95% UCL 

50 

5213’ 150 150 150 150 

24 7 6 2 3’4’ Exposure Duration ‘vr) 

Body Weight ‘kg) 

10’4’ 

43’5’ 43’5’ 

< 

95% UCL Soil/Sediment 
Dermal Contact 

Exposure Concentration ‘mg/kgI 

Body Surface Area ‘cm21 

Fraction Exposed (forearms, head, hands) 

95% UCL 

10500k3’ 

0.30’5’ 

1050o’*’ 

0.30’5’ 0.19’5’ 0.1 915’ o.30’5’ 0.30’5’ 

1 .o18’ 0.2’6’ 1.0’6’ 0.2@ Adherence Factor ‘mg/cm 2, I 1 .o@’ 0.2’6’ 

I 120’3’ 5213’ Exposure Frequency (day&r) 

Exposure Duration ‘vr) I 10’4’ 3’4’ 

Body Weight (kg) I 43i5’ 43’5’ 

1.8E-8 x 

UCL’3’ 
1.8E-8 x 

I 
1.8E-8 x 

UCL@’ UCL’3’ I 
NA”’ 

I 
NA Inhalation of 

Air/Dust 
PM1 0 Exposure Concentration ‘mg/m3) I 1.8E-8 x 

UCL’3’ 
I I 

0.83317’ 1 O.833’7’ 1 NA I NA Inhalation Rate (m3/hr) I 3.2’5’ 3.2’5’ 

Exposure Time ‘hr/dav) I 4’4’ 2’4) 24 24 NA NA 

52’3’ 350 234 NA NA 

3’4’ 30 9 NA NA 

43’5’ 70 70 NA NA 

Exposure Frequency (day&r) I 120’3’ 

Exposure Duration ‘vrl I 1 o14’ 

Bodv Weight ‘kg) I 43’5’ 



TABLE 3-14 (Continued) 
EXPOSURE PARAMETERS FOR TRESPASSERS AND FUTURE RESIDENTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Exposure 
Scenario 

Groundwater 
Ingestion 

Parameter 
(units) 

Exposure Concentration (mg/L) 

Ingestion Rate (L/day) 

Exposure Frequency (day/yr) 

Exposure Duration (yr) 

Older Child Trespasser 
(6-l 6 years) 

RME CTE 

NA NA 

NA NA 

NA NA 

Future Residentsf2’ 

Adult Child 

RME CTE RME CTE 

Maximum Average NA NA 

2* 1.4 NA NA 

350 234 NA NA 

Dermal Contact 

Duration of Event (hr/event) NA NA ()21$4’t9’ 0.1 67’4”s’ NA NA 

Exposure Frequency (day&r) NA NA 350 234 NA NA 

Exposure Duration (yr) NA NA 30 9 NA NA 

Body Weight (kg) NA NA 70 70 NA NA 



TABLE 3-14 (Continued) 
EXPOSURE PARAMETERS FOR TRESPASSERS AND FUTURE RESIDENTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Exposure 
Scenario 

Surface Water 
Ingestion 

Surface Water 
Dermal Contact 

Parameter 
(units) 

Older Child Trespasser 

Exposure Frequency (day/y) 120’3’ 52’3’ NA NA NA NA 

Exposure Duration (yr) 1 o’4’ 3’41 NA NA NA NA 

Body Weight (kg) 43’5’ 43’5’ NA NA NA NA 

I USEPA Region I, August 1994m. unless otherwise noted. 5 USEPA, May 1989d. 
2 A 30- and g-year future resident evaluated (RME AND CTE). Age- 6 USEPA, January 1992d. 

adjusted ingestion and dermal contact rates will be used for 7 20 m3/day. 
soil/sediment exposures. 8 NA - Exposure route not evaluated. 

3 Based on Phase I RI (Atlantic, August 1992). 9 For RME, 15 minutes/event and 10 minutes/event for CTE. 
4 Professionat judgement. 10 USEPA, April 1988b. 
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TABLE 3-15 ; 

EXPOSURE PARAMETERS FOR FULL-TIME EMPLOYEES AND CONSTRUCTION WORKERS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Exposure 
Scenario 

Soil Ingestion 

Soil Dermal 
Contact 

Inhalation of 
Dust/Air 

Groundwater 
Dermal 
Contact 

Parameter 
(units) 

Exposure Concentration (mg/kg) 

Ingestion Rate (mglday) 

RME Cl-E RME Cl-E 

95% UCL 95% UCL 95% UCL 95% UCL 

100 50 480 24012’ 

Exposure Frequency (day&r) 150 150 1 2013’ 1 80’3’ 

Exposure Duration (yr) I 25 6’3’ 1 1’3’ I 1’3’ 

Body Surface Area (cm21 2~00’4’ 20000’4’ 20000’4J 2oooo’4’ 

Fraction Exposed (forearms, head, hands) 0.19’5’ 0.19’5’ 0.19’5’ 0.19’5’ 

Adherence Factor (mu/cm21 1 .o’4’ 0.2’4’ 1.0’4’ 0.2’4’ 

Exposure Frequency (day/yr) 

Exposure Duration (yr) 

Body Weight (kg) 

150 150 120’3’ 80’3’ 

25 6’3’ 1’3’ 1’31 

70 70 70 70 

PM 10 Exposure Concentration (mg/m3) 1.8E-8 x 
UCL’3’ 

Inhalation Rate (m3/hr) 2.5’5’ 2.5’5’ 3.9’5’ 

Exposure Time (hrlday) 8’2’ 812’ 8’21 

Exposure Frequency (day/yr) 150 150 1 20’3’ 

Exposure Duration (yr) 25 6’3’ 1’3’ 

Body Weight (kg) 70 70 70 

3.9’5’ 

8013’ 

1’3’ 

70 

Exposure Concentration (mg/L) 

Body Surface Area (cm21 

NA16’ 

NA 

NA 

NA 

Maximum 

20000’4’ 

Average 

20000’4’ 

Duration of Ev 

1 USEPA Region I, August 1994, unless otherwise noted. 4 USEPA, January 1992. 
2 Professional judgement. 5 
3 Based on Phase I RI (Atlantic, August 1992). 

USEPA, May 1989. 
6 NA - Exposure route not evaluated. 
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TABLE 3-16 

EXPOSURE PARAMETERS FOR RECREATIONAL USERS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Dermal Conta 

Exposure Frequency (daylyr) 

Dermal Contact 
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TABLE 3-16 (Continued) 
EXPOSURE PARAMETERS FOR RECREATIONAL USERS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Exposure 
Scenario 

Sediment 
Ingestion 

Finfish/Shellfish 
Ingestion 

1 

10 

Parameter 

, 

95% UCL18’ 
bwmm? Con~ntration ~~~k!d BcF x ucLlsi 

95% ucL’8’ 
8CF X UCLw NA” 0) NA 

ingestion Rate (kg/day) 
0.055’9’ o.oo3’8’ 
0.054’9’ 0.0095’S’ NA 

NA 

Exposure Frequency (day/yr) I 350 I 234 1 INAl NA 

Exposure Duration ‘yrl 30 9 NA NA 

Body Weight ‘kg) 70 70 NA NA 

USEPA Region I, AUQUS~ 1994m, unless 
otherwise noted. 
USEPA, January 1992d. 
Conservative assumption. 
Professional judgment for swimming. 
Professional judgment for waterskiing. 
USEPA, April 1988b. 
USEPA, May 1989d. 
For shellfish. 
For finfish. (BCF multiplied by surface water 
95% UCL to estimate chemical 
concentration in finfish tissue.) 
NA - Exposure route not evaluated. 
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TABLE 3-17 

SUMMARY OF BENCHMARK VALUES USED TO IDENTIFY ECOLOGICAL CONTAMINANTS OF CONCERN 
NSB-NLON, GROTON, CONNECTICUT 

:hemicalr 

Tham.9 Rlvwl Thanwm FUwr/ 
Ondta Surface Ondte Sedlmwt Go** Cove Surfeco OObb Cow 

Tem~tdal 

Water htglll hwkgl Water Sodlnmnt 
Vbgstation 

Soll Invwtebmte9 Mamma’ wmmdo Tnt Bbd 8lrd Twt Rnuh 
hglkg and n&L) Endpo’nt 

flbdt EndpOInt 
(me/kg/d1 

hIg/Ll hglkg) 
hw/kg) lmglkgld) 

I, 1,l -Trichlomsthans 8.2E+l I” . 151 NA NA NA NA NA NA 

I, 1.2.2.Tetrachlorosthans NA NA NA NA NA 7.SE+o 1131 LOAEL 8.9E + 1 1171 LOAEL 8.9E + 1 (171 

NA NA NA NA NA 7.3I!+o I131 NOAEL 1 .OE + 3 HEI NOAEL 1 .OE + 3 IlEl 

NA NA NA NA NA &6E+O 1131 NOAEL 3.OE + 1 1191 NOAEL 3.OE t 1 1191 

NA NA NA NA NA NA NOAEL 1 .OE-8 1201 NOAEL 1.4~~6 l2Ql 

I, 1 .Z-Trichlorosthana 

I, 1-Oichlarosthene 

I .2,3,4.8.7.8-HPCDD 

1.2.Oichlorosthsns (totall NA 

I ,4-Dichlorobenzsns 

2.4.Dimethylphsnol 

NA NA NA NA 8.6EtO I131 NOAEL 4.6E t 2 I191 NOAEL 4.6E t 2 I191 

1.6Er 1 121 . 151 NA NA NA 3.4E+O 1131 NOAEL 8.6E t 1 I211 NOAEL 8.6E + 1 1211 

13Et3 Ill 151 NA NA NA NA NOAEL 6.OE t 1 1171 NOAEL 6.OE + 1 I171 

2.Butanons 2.2E +6 Ill I51 2.2E + 6 Ill NA NA l.OE+l 1131 LD60 2.2E+2 1171 LD60 2.2E t2 I171 

2.Msthyhaphthslena 

2-Methylphenol 

3.3E+2 Ill . I51 3.3E + 2 III NA NA 2.3E+o I131 NOAEL 4.M + 2 1221 NOAEL 4.06 t 2 I221 

NA NA NA NA NA NA NA NOAEL 6.OE t 1 1171 

2-Nitmanalins 4.3E+l Ill . 151 NA NA NA NA LOAEL 1.3E + 1 1171 LOAEL 1.3E t 1 I171 

3,3’-Dichlorobenzidine NA NA NA NA NA 6.3EtO 113) NOAEL 3.7E+O IMI NOAEL 3.7E+O 1231 

&.4’-DDD 1 .OE-3 131 . (51 1 .OE-3 141 NA NA 1.OEt1 1131 NOAEL 8.06-l 1191 LOAEL 2.8E-3 (19) 

$.4,-DDE 1 .OE-3 I31 . I61 1 .OE-3 I41 NA NA 1.OE+1 1131 NOAEL 8.06-l I191 LOAEL 2.8b3 (191 

&,4’-DDT 1 .OE-3 I31 . I51 1 .OE-3 I41 NA NA 1.06+1 1131 NOAEL ROE-1 1191 LOAEL 2.8E-3 (191 

&,t?-Dii-2-methylphenol 8.8E + 1 Ill , 151 NA NA NA NA NOAEL 1 .OE t 1 1244) NOAEL 1 .OE t 1 1241 

&-Chloro-3-methylphenol NA NA NA NA NA NA NOAEL 2.2E t 2 I191 NOAEL 2.2E +2 I191 

I-Methyl-2-psntanone NA NA NA NA NA l.OEtl I131 NOAEL 2.6E + 2 1191 NOAEL 2.6E t 2 I1 91 

&-Methylphenol 

4cenaphthene 

4cenaphthylens 

1.3Et3 Ill . I51 1.3Et3 I41 NA NA NA NOAEL B.OE + 1 1261 NOAEL B.OE + 1 I261 

2.3E+ 1 I21 . 151 2.3E t 1 I21 NA NA 2.4E t0 I131 NOAEL 1.8E + 2 I171 NOAEL 1.8E+2 (17) 

2.36+2 I” l 
I51 2.3Et2 (11 NA NA 2.2E t0 (131 NOAEL 1 .SE + 2 WI NOAEL l.SEt2 1201 

4cstoi-w NA NA 4.9E+6 Ill NA NA 6.1EtO 1131 NOAEL 1 .OE t 2 I191 NOAEL 1 .OE t 2 119) 

4ldrin 3.OE-2 I41 . 15) 3.OE-2 I41 NA NA l.OEtl 1131 NOAEL 2.OE-1 I191 NOAEL 2.OE-1 I191 

Uphs-WC 

Upha-Chlordsns 

4luminum 

NA NA NA NA NA NA NA NOAEL 4.OE +0 1191 

4.3E-3 I41 l I51 1.3Etl Ill NA NA l.OE+l I131 NOAEL 4.6E t0 1191 NOAEL 2.1EtO “” 

8.7E t 1 (41 2.7E+4 lOI 8.7E t 1 I41 2.7Et4 161 6.OE t 1 I121 NA NOAEL 6.OE t 1 WI NOAEL l.lEt2 1191 



5 TABLE 3-17 (Continued) 

? 
SUMMARY OF BENCHMARK VALUES USED TO IDENTIFY ECOLOGICAL CONTAMINANTS OF CONCERN 

0 NSB-NLON, GROTON, CONNECTICUT 

Char&A* 

Theme. Rlverl Thorno, River/ 
Onnlta Sutfaca On@ita Sediment Qo*a Cove Surface owe cow Twmetdd sdl ,n~~.brat., Mwnmal &mm& Twt Bird 

Bird Tomt Ram& 
Water hig/Ll bwlkgl Water %dlmant 

Vegetation Endpolnt R*Wlt Endpoint 

hwJ/L) hne/kg) 
hglkg) 

Irrdkg md m-g/L) 
~malkgld~ 

lm@/kg/dl 

Anthracene 1.3Et2 “I . 16' 

Antimony NA NA 

Amclor- 1248 NA NA 

Aroclor-1264 NA NA 

Aroclor-1260 1.4E-2 I31 16' 

Arsenic l.QE+2 131 
B.OE + 0 I81 

Barium 3.9E +0 I21 2.OE + 1 191 

Benzene NA NA 

Benzo(s)anthrscena l.BE+l Ill I51 

Benzolalpyrene l.OE.2 I31 I51 

Benzolblfluorsnthene 3.M 40 “I ’ ISI 

Banzolg.h.ilperylans XOE + 0 I11 I51 

Bsnro(k)‘luoranthans l.OE+O III . If.1 

Benroic acid 2.OE +4 Ill * (6’ 

Benzyl alcohol NA NA 

Beryllium NA NA 

3eta-8HC 6.2E+2 “’ ’ I51 

Bis(2-athylhexyllphthalats 3.2E + 1 I21 . 16’ 

bran NA NA 

3mmodichloromethane NA NA 

3romomethans NA NA 

3utylbenzylphthaltie l.BE+l 12) . 15’ 

3admium 8.6E- 1 13’ B.OE-1 17’ 

Jsrbazole 1.2E+3 I” l 
15’ 

Carbon disulfids 6.3E+3 I” l 
16’ 

3hlombsnzens 2.06+3 I” l 
IS’ 

Zhloroform NA NA . 

:hlommsthsne NA NA 

Chromium l.lE+l (4’ 2.6Etl l7L 

:hryssne 1.8Etl Ill . 15) 

1.3Et2 ‘I’ . I51 NA l.@EtO ‘13’ NOAEL l.OE+3 ‘17) NOAEL l.OEt3 lnr 

NA 8.4E t 1 IO’ 6.OE t 0 II21 NA LOAEL 1.3E +0 I’S’ LOAEL 1.3EtO I’S’ 

1.4E-2 14' . IS' NA 1.06+1 I131 LOAEL 1.06-l ‘191 LOAEL 1 .OE-1 ‘ISI 

1.4E-2 14' . 16' 4.OE t 1 112’ l.OEtl ‘131 LOAEL 1.4E t 0 IIS’ LOAEL l.BEtO ‘19’ 

1.4E-2 I41 , 161 4.OE + 1 112) l.OE+l 113’ LOAEL 1.4EtO 119’ LOAEL 1.86 t0 ‘19’ 

NA 6.OtO 161 l.OEtl 112’ NA LOAEL 1.3E+O ‘19’ NOAEL 6.1Etl 119’ 

6.OE+2 110' . 15' 6.OE + 2 112’ 
NA NOAEL 6.1EtO ‘19’ NOAEL 2.1Et2 119’ 

NA NA NA &BE+0 113’ LOAEL 2.BEt2 119’ LOAEL 2.66 t 2 1191 

l.BEtl III . (31 
NA l.OE+l 113’ LOAEL l.OEtl I271 LOAEL 1 .OE t 1 127’ 

1 .OE-2 I21 . le.1 
NA 1.oE+t 113' LOAEL l.OEtl 119’ LOAEL 1 .OE t 1 119’ 

3.OE + 0 Ill . IFJI 
NA 1.oE+1 I131 LOAEL l.OEtl 127’ LOAEL 1 .OE t 1 127’ 

3.OE +0 Ill . I51 
NA l.OE+l 113’ LOAEL l.OEtl 1271 LOAEL 1 .OE + 1 127’ 

1.oE+o Ill . 15' NA l.OEtl 113’ LOAEL l.OE+l ‘27’ LOAEL 1 .OE + 1 (27) 

2.OE +4 Ill . I51 
NA %lE+O 113’ NOAEL 8.OE t 1 117’ NOAEL 8.06 t 1 (171 

NA NA NA NA NA NOAEL 8.OE t 1 ‘2E’ 

NA NA l.OE+l I121 NA NOAEL &BE-l (191 NOAEL B.BE-1 IIS’ 

NA NA NA NA NOAEL 4.06 +0 119’ NOAEL 4.OE t0 ‘19’ 

3.2E + 1 I21 . 15’ NA NA NOAEL 1.8E + 1 IIS’ NOAEL l.lEtO ~19’ 

NA NA S.OE-1 112’ 
NA NOAEL 1.8E + 1 ‘17’ NOAEL l&E t 1 117’ 

NA NA NA 4.@E-1 1131 LOAEL 1.8E + 1 ‘17’ LOAEL 1.8E t 1 ‘17) 

NA NA NA 2.7EtO 113’ NOAEL 1.4E t 0 ‘17’ NOAEL 1.46 t 0 (17’ 

l.BEtl ‘2’ . ‘5’ NA NA NOAEL 1.6E t 2 ‘17’ NOAEL 1 .BE + 2 I171 

0.3Eto ‘4’ 1.2EtO I111 3.OEto I121 6.06+1 114’ LOAEL 2.6E t 0 1191 NOAEL 1.6E+O HS’ 

1.2Et3 ‘II l IS’ NA 4.1EtO ‘13’ LOAEL l.OEtl I271 LOAEL 1 .OE t 1 1211 

6.3E+3 ‘1’ . 15’ NA 4.2EtO 113’ NOAEL l.lE+l I171 NOAEL l.lE+l I171 

NA NA NA 3.8E+O ‘13’ NOAEL 2.7E t 1 I171 NOAEL 2.7E + 1 ‘171 

NA NA NA 7.6E t0 ‘13’ NOAEL 1.6E t 2 ‘19’ NOAEL 1.6E + 2 ‘IS’ 

NA NA NA 6.8E t0 113’ NOAEL 3.4E t 1 I291 NOAEL 3.4E t 1 1291 

NA 8.1Etl ‘11’ l.OE+O 112’ 2.6E+l 113’ LOAEL 4.8E t0 119’ NOAEL 1 .OE +0 119’ 

1.8Etl 14’ . IS’ NA NA LOAEL l.OEtl I271 LOAEL 1 .OE t 1 ‘27’ 
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TABLE 3-17 (Continued) 
SUMMARY OF BENCHMARK VALUES USED TO IDENTIFY ECOLOGICAL CONTAMINANTS OF CONCERN 

? 0 NSB-NLON, GROTON, CONNECTICUT 

Chamlcolv 

Cis-1,3-dichloropropsne 

Cobalt 

CoPPar 

Cyanide 

Delta-BHC 

Di-n-butylphthalate 

Di-n-octylphthsfats 

Dibsnrofs,hlanthracsns 

Dibanzofuran 

Dlsldrin 

Diethyl phthalata 

Endosulfan I 

Endosulfsn II 

Endosulfan sulfate 

Endrin 

Endrin aldshyda 

Endrin ketone 

Ethylbenzene 

Fluoranthsne 

Fluorane 

Gamma-BHC 

Gamma-Chlordans 

Hsptachlor 

Heptachlor epoxide 

Indano(l,2,3-cdjpyrena 

Iron 

Lead 

Manganese 

MWCU~ 

Onslta surfac Dn#lte Sedlmar 
Watsr hlg/LI lnwlkg~ 

NA 

3.OE +0 12’ 

4.8E +0 13’ 

6.2E+O ‘3’ 

klE+Z ‘I’ 

3.3E+ 1 12’ 

6.2E + 1 Ill 

3.OE + 0 Ill 

2.OE + 1 I21 

1 .BE-3 14’ 

2.2E + 2 12’ 

S.lE-2 141 

6.1E-2 141 

6.1E-2 I41 

2.3E-3 (31 

2.3E-3 131 

2:3E-3 (3’ 

!.9E + 2 IZI 

S.lE+O 14’ 

S.BE+O “’ 

B.OE-2 Ill 

4.3E-3 131 

3.8E-3 13’ 

3.8E-3 13’ 

I.OE+O I” 

.OE+3 14’ 

.3E+O f3’ 

LOE + 1 (2’ 

1.2E-2 (31 

NA 

6.OE + 1 IO’ 

1.8E+l I71 

1 .OE-1 I91 

. I51 

. I51 

. 13’ 

. I51 

. 15’ 

. I51 

. I51 

. I51 

. 15’ 

. 15’ 

. (5’ 

. 151 

. I51 

. I51 

. 151 

. I51 

. 151 

. 15’ 

. l5J 

l 161 

. I61 

Z.OE+6 ” 

3.lE+l I71 

Q.GE+Z I71 

2.OE-1 (7) 

Thamar Rlverl 
3o*m Cow surfsc 

Watsr 
(ug/L) 

NA 

NA 

2.4E + 0 

l.OE+O 

NA 

3.3E + 1 

6.2E + 1 

9.OE + 0 

2.OE + 1 

l.OE-3 

NA 

NA 

S.lE-2 

NA 

1 .OE-2 

1 .OE-2 

1 .OE-2 

NA 

B.lE+O 

3.OE+O 

B.OE-2 

4.3E-3 

&BE-3 

NA 

3.OE +0 

&BE+4 

&lE+O 

NA 

l.lE+O 

14’ 

I41 

12’ 

II’ 

II’ 

I21 

I41 

I41 

I21 

121 

12’ 

I41 

I41 

Ill 

I41 

I21 

IO 

(4) 

14) 

Thame, River/ 
Gomr Cove 
sadlnntlt 
he/kg) 

NA 

6.OE + 1 I91 

3.4E + 1 1111 

l 

NA 

. 

. 

. 

. 

. 

NA 

NA 

. 

NA 

. 

. 

. 

NA 

. 

. 

. 

l 

. 

NA 

. 

. 

L7E + 1 

1.6E+3 

1 *SE-l 

I51 

I51 

13’ 

15’ 

151 

15’ 

I51 

I51 

I51 

15) 

151 

III 

15) 

6) 

16) 

lb) 

15) 

1111 

1111 

Ill’ 

Tarmetdal 
V*gdHlon 

bnglkg) 

NA 

2.OE + 1 112: 

l.OE+2 1121 

NA 

NA 

2.OE + 2 ll2l 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

j.OE + 1 

j.OE +2 

3.OE-1 

I121 

112) 

112) 

Soil Invartebrats* 
(n&kg and mg/Ll 

l.OE+l 

NA 

3.OE+1 

NA 

NA 

NA 

NA 

l.OE+1 

2.3E+O 

6.3E+O 

NA 

7.OE+O 

7.wz+o 

7.BE+O 

l.OE+1 

l.OE+l 

l.OE+1 

2.@E+O 

l.OE+1 

2.2E+O 

NA 

l.OE+t 

4.2E +0 

4.2E +0 

l.OE+l 

NA 

6.9E + 1 

NA 

116) 

1131 

I131 

I1 31 

ll3l 

II31 

113) 

I131 

I131 

113) 

113) 

(13) 

113) 

1131 

113) 

113) 

113) 

115) 

1151 2.2E+O 

Mammal Mammals Tami 
EndpoInt Remitt 

(nwlkgldl 

NOAEL 3.OE+O r3m 

NOAEL 6.OE + 0 (311 

NOAEL 6.6E + 1 1191 

LOAEL 6.BE + 1 119) 

NOAEL 4.OE +0 1191 

NOAEL 6.6E + 2 l19) 

NOAEL 6.6E + 2 132) 

LOAEL l.OE+l 1271 

LOAEL l.OE+1 127) 

LOAEL 2.OE-1 119) 

NOAEL 4.6E + 3 I191 

NOAEL l.SE+O 1191 

NOAEL l.SE+O I191 

NOAEL 1.6E +0 I331 

LOAEL 0.2E-1 1191 

LOAEL B.PE-1 1341 

LOAEL %2E-1 134’ 

LOAEL 4.lE+2 117) 

NOAEL 1.3E + 2 136) 

NOAEL 1.3E+2 (17) 

NOAEL 6.OE + 0 II91 

NOAEL 4.6E +O 119) 

NOAEL 9.OE-1 1191 

LEL 3.OE-4 I171 

LOAEL 1 .OE + 1 127) 

NA 

NOAEL B.OE +0 119) 

NOAEL B.BE + 1 119) 

UOAEL 1.3E+l 119) 

Blrd 
Endpoint 

Bird Twt Rmul 
lmo/kg/dI 

NOAEL 3.OE+O [a 

NOAEL 6% +0 I311 

NOAEL 3.3E + 1 IlOl 

LOAEL 6.BE + 1 IW 

NOAEL 4.OE +0 IIS) 

LOAEL l.lE+O “” 

NOAEL 6.6E + 2 132) 

LOAEL 1 .OE + 1 127) 

LOAEL 1 .OE + 1 127) 

NOAEL 7.7E-2 LlS) 

NOAEL 4.6E + 3 I191 

NOAEL 1 .OE + 1 IlSl 

NOAEL 1 .OE + 1 1191 

NOAEL l.OE+l (33) 

NOAEL 3.oE- 1 (191 

NOAEL 3.M-1 I341 

NOAEL 3.oE-1 134~ 

LOAEL 4.lE+2 I171 

NOAEL 1.3E+2 l35l 

NOAEL 1.3E+2 (17) 

LOAEL 2.OE + 1 119) 

NOAEL 2.lE+O (19) 

NDAEL E.OE-1 IlDl 

LEL 3.OE-4 1171 

LOAEL l.OE+l 1271 

NA 

NOAEL 3.9E+O “‘I 

NOAEL 6.6E + 1 119) 

LOAEL 6.4E-2 I191 



5 TABLE 3-17 (Continued) 

G 
SUMMARY OF BENCHMARK VALUES USED TO IDENTIFY ECOLOGICAL CONTAMINANTS OF CONCERN 

s NSB-NLON, GROTON, CONNECTICUT 

I 

i 

Themam Rlverl Thanwe Rlvorl 
On&e Surface On&e Sodlmwt Go.9 Cove Swfaca Qomm cow 

Temetdal 
Chomlcale Soil Invwt*brat*s 

Mammml Mammala Teat Bird 
Bird Tnt Rewk 

Watmr lug/L) lwlkg) Watw adlmmt 
V*getstlon 

bna/ko and mg/L) 
Endpolnt RWlltt EltdpOhlt 

Imdkgld, 
lug/Lb hf#d 

tnWkg1 lmg/kg/d) 

Mathoxychlor 3.OE-2 13’ . ‘5’ 
NA NA NA 3.2E+O ‘13’ NOAEL 4.OE+O ‘1s’ NOAEL 4.OE+O rrST 

Methylarts chloride 2.2E+4 “I l 
I51 2.2E t4 II’ . ‘5’ 

NA 6.8E+O ‘13’ NOAEL S.BE+O I191 NOAEL S.@E +0 119’ 

Naphthalena 2.4E + 1 I2 . ‘5’ 2.4E + 1 ‘2’ . 151 
NA 3.OE+o ‘13’ NOAEL 4.OE+2 1381 NOAEL 4.OE + 2 1361 

Nickel &BE-2 13’ l.BE+l 171 NA 6.2E + 1 (111 3.OE + 1 ‘12’ 4.OE+2 (141 NOAEL 4.OE + 1 II91 NOAEL 7.7E + 1 I191 

OCDQ 1.2E+l III . 15’ 
NA NA NA NA NOAEL 1 M-6 (371 NOAEL 1.4E-6 I371 

OCDF 2.OE + 1 ‘2’ . 15’ NA NA NA NA NOAEL 4.BE-1 I391 NOAEL 4.8E-1 I391 

Pentechlorophenol 6.7E+O 13’ l 
‘5’ 

NA NA NA NA NOAEL 3.OE +0 II71 NOAEL 3.OE +0 (171 

Pfwnsnthrsna 6.3E+O ‘4’ . ‘5’ 6.3E+O ‘4’ . 151 NA l.BE+0 (13’ LD60 1.3E+2 1391 LD60 1.3E+2 (39’ 

Phenol 4.lE+3 ‘I’ ’ ‘5’ 
NA NA NA NA NA NA 

Pyrane 3.3E+l II’ . I51 
3.3E+l 

14’ . IS’ NA l.OE+1 ‘131 NOAEL 7.6E + 1 ‘40) NOAEL 7.6E + 1 MO 

Selenium 6.OE +o 14’ 
l.OE-1 

15’ 
NA NA l.OE+O 

‘12’ 
NA LOAEL 7.6E-1 ‘19’ NOAEL 4.OE-1 (IS 

Silver NA 4.6E +0 19’ 
NA l.OEtO 

Ill’ 
Z.OE+O ‘12’ 

NA NOAEL 1.4E + 2 (17’ NOAEL 1.4E + 2 (17’ 

Stymne NA NA NA NA NA 2.BE+O ‘13’ NOAEL 2.OE+ 2 1171 NOAEL 2.OE t 2 II71 

rstrschlomsthsna 1.3Et2 I21 . I51 1.3E+2 ‘2’ . ‘5’ NA 7.OE +o II31 NOAEL 1.4E + 1 I411 NOAEL 1.4E+l 1411 

lhalllum NA NA NA NA l.OEtO 1121 NA LOAEL 7.4E-1 II91 LOAEL 7.4E-1 IlO) 

rolusns 1.3E+2 “’ * I51 
NA NA 2.OE+2 (121 3.6E+O (131 LOAEL 2.6E + 2 IIS’ LOAEL 2.6E+2 “‘I 

Tranr-1,3-dichloropmpsne NA NA NA NA NA l.OE+1 ‘131 NOAEL 3.OE +0 142’ NOAEL 3.OE +0 I421 

rrichloroethens 3.6E t 2 12’ . I51 3.6E t 2 421 . et NA 6.6E+O (131 LOAEL 7.OE + 1 era LOAEL 7.OE + 1 111 

Vanadium NA . ‘5’ NA NA 2.OEtO 
‘121 

NA LOAEL 2.lE+O II91 NOAEL l.lE+l 119) 

Vinyl acetate NA NA NA NA NA NA NOAEL 4.BE + 2 I43 NOAEL 4.BE +2 IW 

I(ylansa, total NA . 16’ NA NA l.OEt2 (12’ NA NOAEL 2.lE+O ‘Is’ NDAEL 2.lE+O ‘lo’ 

tine 1.2E-2 ‘31 1.2E+2 
17’ 8.lEtl I41 

1.6E+2 ‘111 6.OE t 1 II 21 6.OE+3 (141 NOAEL 1.6E+2 1191 LOAEL 3.OE t 2 HO’ 

NA 
1 

2 
3 
4 
6 
6 

Not Applicable; chemical not pmsent In surface water, sediment. or soil or not toxic to mcsptor 
14 day chronic NOEL for fish derived using ECOSAR IUBEPA, 1004e) 
chmnic value taken from ECOTOX IUSEPA, 1006) 
State of Connecticut Chronic AWQC; for copper and zinc, state criteria based on water hardness of 60 mgCaCOJ/L used. 
Federal CAWQC 
Site-spscifii benchmarks based on EqP using Sits-specific TOC and benchmark for surface water 
Washington Stats Dept. of Ecology (1904) 
OME (1092) 
OME 11088) 

c Ii, li ‘I /a,, c Ill 



TABLE 3-17 (Continued) 
SUMMARY OF BENCHMARK VALUES USED TO IDENTIFY ECOLOGICAL CONTAMINANTS OF CONCERN 
NSB-NLON, GROTON, CONNECTICUT 

0 
10 
11 
12 
13 
14 
16 
16 
17 
16 
10 
20 
21 
22 
23 
24 
26 
26 
27 
28 
20 
30 
31 
32 
33 
34 
36 
38 
37 
38 
30 
40 
41 
42 
43 
44 

Region V EPA 
ACQUIRE (USEPA. 1906b) 
ERL (Long et al.,1 086) 
Will and Sutsr, 1094 
earthworm LC6O/lOD; LC60 derived using ECOSAR (USEPA, 19941 
Malacki et. al, 1082 
Boucha et. al. 1087 
Neuhaussr et. al. 1086 
USEPA, 19061 
NOAEL for 1 ,l,l_ Trichloroethans from Oprssko. et. al. 1004 
Oprsako, et. al, 1004 
NOAEL for TCDD uasd from Opmsko et. al. 1004 
NOAEL for 1.2, Dkhlombenrsns from USEPA. 10061 
NOAEL for Nspthslene from ATSDR, 1003 
NOAEL for Bsnzidine used from ATSDR. 1000 
ATSDR. 1004 
NOAEL for phenol wed from USEPA. t OQ5f 
NOAEL for Acensplhsne used from Oprasako et. al. 1004 
LOAEL for Benzolslpyrene used from Opresko. et. al. 1004 
NOAEL for Benzoic Acid used from USEPA. 19961 
ATSDR. 1000 
NOAEL for 1.3.Dichloropropans used from USEPA. 10061 
ATSDR. 1002 
NOAEL for Di-n-butyl phthtalate used from Oprasko at. al. 1004 
NOAEL for Ensoaulfsn used from Opresko. et. al. 1004 
NOAEL for Endrin usad from Opmsko. et. al, 1004 
NOAEL for Fluorens used from USEPA, 10061 
ATSDR, 1904 
NOAEL for TCDD used from Opmsko et. al, 1094 
NOAEL for PaDBF used from Opmsko et al., 1004 
Fed. RoQ., l@BO 
UBEPA, 1060 
NOAEL for 1,1,2,2- Tetrachlomathylsns used from Opmsko, at. al, 1804 
NOAEL for 1.3 - Dichloropmpens used fmm USEPA, 1906f 
ATSDR, 1002 
McCormack, et al., 1970 
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TABLE 3-18 

BACKGROUND CONCENTRATIONS - SURFACE WATER”’ 
THAMES RIVER 

NSB-NLON, GROTON, CONNECTICUT 

Analyte 

Aluminum 

Background Concentration 
Ml/L) 

1 

Barium 20 

Boron 4,500 

Cadmium 0.11 

Calcium 

Chromium 

410,000 

0.05 

Iron 3 

Lead 0.03 

Magnesium 1,350,000 

Manganese 2 

Mercury 0.2 

Potassium 396,000 

Sodium 10,500,000 

Vanadium 2 

Zinc 10 1 

1 Background concentrations established using data 
taken from USGS Water-Supply Paper 2254 “Study 
and Interpretation of the Chemical Characteristics of 
Natural Water” (Hem, 1985). 

D-01-95-10 3-167 CT0 129 
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x TABLE 3-19 

F 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE HERRING GULL 

G NSB-NLON, GROTON, CONNECTICUT 
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$ TABLE 3-19 

F 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE HERRING GULL 

G NSB-NLON, GROTON, CONNECTICUT 

0 
L 
-4 

1 Final Uncertainty Factor = (l/UF,*l/UF,*l/UF,*l/UF,*l/UF, *l/UF,* l/UFJ 
2 Derived Wildlife NOAEL = Laboratory Test Endpoint l Uncertainty Factor 
UF, = Subchronic Exposure Period 
UF, = Nonsensitive Endpoint 
UF, = Acute to Chronic LOAEL 
UF, = LOAEL to NOAEL 
UF, = Within Taxonomic Order 
UF, = Between Taxonomic Order 
UF, = Mammal to Bird 

I b 

iI 
c’ d 

i 

FiMl 

’ f (I IJmntrinty 
Fwd” 



TABLE 3-20 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE RED-TAILED HAWK 

NSB-NLON, GROTON, CONNECTICUT 

Cbmnierl I Endpoint 
I 

Laboratory 
Test Speck To8l nnldl 

0 1 1 2 t P-Tetrachloroethane I Hat 
I 1 wwm~ 

Lvr & Kid Damage; LOAtL 1 6.93t+Ol 

Aldnn I Hat I Reprod.; NOAtL I 2.ooHJl 

? 
0 

G 

&nzoic acid 
Bervllium 

Flat 
Rat 

Micropathology; NOAtL 
Lonrrevitv: NOAtL 

6.oott01 

6.6Ot-01 



TABLE 3-20 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE RED-TAILED HAWK 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 

Brs(2-ethylexyl)phthalate 

uoron 
Bromodichloromethane 
Bromomethane 

Butyl benzyl phthalate 

Carbon drsulfide 
‘Chlorobenzene 

‘Chloroform 

moromethane 
Chromrum VI 

Lhrysene 
CIS-1 ,3drchloropropene 
Cobalt 

‘Copper 

W-n-butylphthalate 

Tort Spnciss 

Rtnged Uove 
WJ 

Mouse 
Rat 

Flat 
Mallard Duck 

Rabbit 

kg 
Rat 

Rat 
Black Duck 

Mouse 
Rat 

Rat 

Chrcken 

Hanged Dove 

Laboratory FM hlvad Endpoint 
Test Reoulf I b c d s I F ulllrlrhintr ROAEl’= 
(mgktfhlw) F.oto@ hmlld~vl 

Reprod.; NUAtL 1.11t+00 1 1 1 1 1 5 1 2.00t-61 2.22t-01 
IWprOa.; NUAtL 1.75t t 01 1 1 1 1 1 7-- lo 1 .Wt-ol 1.75tt00 

Kidney lesron; LOAtL 1.79tt01 1 1 1 5 1 1 10 2.oot-02 3.56t-61 

Histopathology; NUAtL 1.4tlttW 10 1 1 1 1 1 10 1.orJt-cf2 1.4ot-02 

bver wt.; NUAtL 1.59tt02 10 1 1 1 1 1 10 1 .Wt62 1.59tt00 
2.90t01 

2 .--- 
Fetal develop.;N(3AELl 1 1 1 1 1 1 10 1 .fJotg)l 1.1lftt00 
Lrver NUAtL 2.73tt01 damage; 

10 1 1 1 1 1 
10 1.00t-02 2.73t-61 

,. 

Lvr & Krd functron; NUAtL 15ot+02 10 1 1 1 1 1 10 l.Wt62 lcrn- M ..,Lt, 
Lvr NUAtL 3.36ttOl Histopath.; IO 1 1 1 1 1 10 1.00t-62 3.36t-01 

pro .; tL 1.00tt00 1 1 1 1 1 5 
1 2.out-61 2.wt-01 

P&prod.; LOAtL l.WEtOl 4 r A.. 
I I I 4 I 5 1 1 10 2.wt-66 Z.WE-Ul 

Kidney wt.; NUAtL 3.WEtW 10 1 1 1 1 1 10 1.wt-02 -02 
. . _ 

epro .; L 5.wttw 10 1 1 1 1 1 
10 

1 
.wt-62 5.66t-cr2 

. 

Growth; NUAtL 3.YZttUl 1 1 1 1 1 5 1 2.WE-01 6.64ttoo 
6.67ttOl 1 1 1 5 1 1 10 2.wt-62 1.37ttgg 
1.11ttw 1 1 1 5 1 5 1 4.wt-62 4.44t-02 ’ 



z TABLE 3-20 

% DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE RED-TAILED HAWK 
1. 0 NSB-NLON, GROTON, CONNECTICUT 

Chemical Tsr1 sp@cim 
Endpoint 

laboratory 
Test Result b c d 



$ TABLE 3-20 

8 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE RED-TAILED HAWK 

6 NSB-NLON, GROTON, CONNECTICUT 

1 Final Uncertainty Factor = (l/UF,’ lIUFb*lIUF,+l/UFd*lIUF, l l/UF,* l/UF,) 
2 Derived WIldlife NOAEL = Laboratory Test Endpoint * Uncertainty Factor 
UF, = Subchronic Exposure Period 
UF, = Nonsensitive Endpoint 
UF, = Acute‘to Chronic LOAEL 
UF, = LOAEL to NOAEL 
UF, = Within Taxonomic Order 
UF, = Between Taxonomic Order 
UF, = Mammal to Bird 



TABLE 3-21 
DERIVATION OF NO-OBSERVED-APARENT EFFECTS-LEVELS FOR THE RACCOON 

NSB-NLON, GROTON, CONNECTICUT 
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An DERIVATION OF NO-OBSERVED-APARENT EFFECTS-LEVELS FOR THE RACCOON 
F 
G NSB-NLON, GROTON, CONNECTICUT 



x TABLE 3-21 
DERIVATION OF NO-OBSERVED-APARENT EFFECTS-LEVELS FOR THE RACCOON 

T NSB-NLON, GROTON, CONNECTICUT 0 

v _-. G 02 

3 
fi?=J 
3% 
=E 

LJLxJt I Hat uiooa c;nem.; NUA~L S.tlUkUl IlUI 1IlIlI 115 111 z.wt-uz I Y.WC-W 

3467-HCDD Rat 1 Reproduction;NOAtL 1 gs 
9 1 9 I 1 1 .aJtxB6 1’1’1’1’1’1~1’1 2.00t-01 2.oot-07 

-Ia 



R
evision 

1 
M

atch 
1997 

D
-01-95-10 

b 
ti 

-2 

3-l 79 
C

T0 129 
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TABLE 3-22 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE MALLARD 
NSB-NLON, GROTON, CONNECTICUT 

Chmnicrl Tell Spa&r 

Bls(2-ethylexyl)phthalate Hlnged Dove 
Boron WI 

Bromodtchloromethane Mouse 
‘Bromomethane Rat 

Duty’ benzyl phthalate Rat 

Laboratory Fiesl Dorlvd 
Endpoint Toa nosult 

lRd’4lhl~vl s 

b c d I f g Uecrrfsinty lYOAEL@’ 
C.otor’l’ whlvr, 

pro .; tL 1.11tt00 1 1 1 1 1 5 1 2.00t-01 2.22t-01 
F&prod.; NUAtL 1.7bttol 1 1 i 1 1 1 iu 7 .W’z~l 1*79L+oo 

Kidney leston; LOAtL 1.79t+Ol 1 1 1 5 1 1 IO 2.Wt-02 3.58t-01 
Histopathology; NUAtL 1.4ot+oo 10 1 1 1 1 1 10 1 .outr 1.4ot-02 

Uver wt.; NOAtL 1.59tt02 10 1 1 1 1 1 10 l.Wt-02 1.Syttoo . 

Carbon dlsulflde 
Chlorobenzene 
Chloroform 

Chloromethane 

7%romium VI 
tinrysene 

%-1,3-d lchloropropene 
&bait 
Copper 

Ganlde 
UI-n-butylphthalate 
mbenzo(a,h)anthracene 

Dibenzofuran 

Rabbtt 
&I 
Pat 

Rat 
Black Duck 

Mouse 
Flat 
Rat 

ChIcken 

Rat 
Hinged Dove 

Mouse 

Mouse 

e a eveop.; EL 1.10t+01 1 1 1 1 1 1 10 1 .wt-o1 1.10t+w 
I_lver damage; NOAtL 2.73E+Ol IO 1 1 1 1 1 10 1 .wt-o2 2.73t-01 

I Lvr L u Krff ..I~ .un,.ion; & mImFT-TTTT1TT7K--ETbnp ..-,.-- ..,.,,t,, . . . . . . . .” . . . . ..w 1cU ..“Jtt”” M 

Lvr Histopath.; NOAtL 3.36tt01 10 1 1 1 1 1 10 1 .wt-o2 3.36t-01 . 

Reprod-- t 1 7-7 -00 t + “” 
neproa.; LU~~L I.wctuI 1 1 1 5 1 1’10 2.WIt-02 L.WC-u I cc 

Kidney wt.; NOAEL 3.oot too IO 1 1 1 1 1 IO 1 .wta2 3.wt-02 .-L-e 
Reprod.; NOAtL 5.wttw IO 1 1 1 1 1 IO 1 .wt-o2 5.wt-02 “., 
Growth; NOAEL 3.32E t 01 1 1 1 1 1 5 1 2.WE-01 6.64E+WPP 

Reprod.; LOAtL 6.87ttOl 1 1 1 5 1 1 10 2.wtr 1.37t+w 
Reprod.; mAtL 1.11ttw 1 1 1 5 1 5 1 4.OOt-02 4.44t-02 

1.00t+01 1 1 1 5 1 1 10 2.wt-02 2.WE-01 
7.70E-02 1 1 1 1 1 5 1 2.wt-01 1.54t-02 

tndosulfan sulfate (Gray Partndge Ffeprod.; -L 1.wtto1 1 1 . 1 . 1 . 1 c 5 1 2 -. Mk.nl - - - - -.--- 21x1*31- +,, m 

Endrin Mallard Duck 3.wt-01 1 1 1 1 1 1 1 i.wt+w 3.wt-01 
11t7-7--l-7-1.fJ+00 3.out-01 

tndnn ketone Mallard Duck n -I KIral.L, nbprou.; I”“MlzL 3.wt-01 I . I I 1 1 1 1 1 1.wt+w e-ML#t, i).WE-u I 
‘tthylbenzene Hat Lvr & Kid function; LOAtL 4.08tt02 10 1 1 5 1 1 10 2.wt-03 8.16t-51 
>luoranthene Mouse Red Bld Cell Cf .; m 1.25Et02 1 1 1 1 1 1 10 1.wt-01 1.25t+01 
r-luorene Mouse Red Bld Cell Ct.; NUAEL 1.25t+02 10 1 1 1 1 1 10 1 .wtaz 1.25E+OO 
Gamma-Chlordane Hd-wlnged Blk Bird Mortality; NOAtL 2.14ttw 1 5 1 1 1 5 1 4.wt-02 8.56t-02 fun 3 

keptachlor ‘iat pro .; tL 8.Out-01 1 1 1 1 1 1 IO 1 .out-o1 8.Wt-02 al 
keptachlor epoxide ‘w bver wt.; LEL 2.96t-04 10 1 1 5 1 1 10 2.wt-03 5.92t-07 sfg 

lndeno(l,2,3d)pyrene I Mouse 1.wtto1 1 1 1 5 1 1 IO 2.wt-02 2.wt-01 as 
‘Lead American Kestrel tL 3.&jttw 1 1 1 1 1 5 1 2.wt41 7.70t-01 I s= 

44 



!z TABLE 3-22 
f DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE MALLARD 
B 
6 NSB-NLON, GROTON, CONNECTICUT 



,I,, 

> 

“I,, 
) 

5 TABLE 3-22 

v 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE MALLARD 

0’ NSB-NLON, GROTON, CONNECTICUT 

1 
2 

“F, 
“Fb 
“Fc 
uFd 

UFO 

“Ft 

UF# 

Final Uncertainty Factor = (l/UF,*l/UF,*l/UF,*l/UFd*l/UF, *l/UF,* l/UFJ 
Derived Wildlife NOAEL = Laboratory Test Endpoint * Uncertainty Factor 
= Subchronic Exposure Period 
= Nonsensitive Endpoint 
= Acute to Chronic LOAEL 
= LOAEL to NOAEL 
= Wrthin Taxonomic Order 
= Between Taxonomic Order 
= Mammal to Bird 



TABLE 3-23 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 

NSB-NLON, GROTON, CONNECTICUT 

FillSl ouivd 

f 0 UnCrrtliny NOAE@ 
F.ctOr(” WWW~ 

il 10 2.WE-02 1.79E+W 

1 10 1 .WEOl l.WEtO2 

1 10 1 *WE-O1 3.WEtW 

1 10 1 vWE-02 4.52EtW 

1,1,2,2-Tetrachloroethane 

1,l ,P-Trichloroethane 

1,l -Dichloroethene 

1,BDichloroethene (total) 

1 ,4-Dichlorobenzene 

Rat 

Mouse 

Rat 

Mouse 

Rat 

Lvr 81 Kid Damage; LOAEL 

Reprod.; NOAEL 

Liver Histology; NOAEL 

Blood Chem.;NOAEL 

Kidney function; NOAEL 

8.93E+Ol 

l.WE+O3 

3.WEtOl 

4.52E+02 

8.57E+Ol 

1 

1 

10 

1 1 
I I 

10 l.WE-01 
I 

8.57EtW 

I 2-Butanone 
I 

Rat 
I 

Mortality; LD50 
I 

2.19E+02 10 1 
I I 

10 2.WE-03 
I 

4.38E-01 

I 2-Methylnapthalene 
I 

Rat 
I 

Reprod.; NOAEL 
I 

4.WE t 02 10 1 10 1 .WEa2 4.OOE+W 

1 10 1 JOE-01 3.70E-01 

5 1 4.WE-02 1.12E-04 

5 1 4.WE-02 1.12E-04 

5 1 4.WE-02 1.12E-04 

1 3,3’-Dichlorobenzidine 

4,4’-DDD 

4,4,-DDE 

4,4’-DDT 

Mouse 

Br. Pelican 

Br. Pelican 

Br. Pelican 

Bile M. Hyperplas.:NOAEL 

Reprod.; LOAEL 

Reprod.; LOAEL 

Reprod.; LOAEL 

3.70EtW 

2.8OE-03 

2.8OE-03 

2.80E-W 

1 

1 

1 

I 4-Methyl-P-pentanone 
I. 

Rat 
I 

Lvr 8 Kid function: NOAEL 
I 

25OEt02 10 1 1 10 1 l.OOE-02 2.5OE+W 

10 Acenaphthene 

Acenaphthylene 

Acetone 

Aldrin 

Alpha-Chlordane 

Mouse Hepatotoxicity; NOAEL 1.75E+02 

Mouse Hepatotoxicity; NOAEL 1.75Et02 

Rat Lvr & Kid damage; NOAEL l.OOEt02 

Rat Reprod.; NOAEL 2.WE-01 

Rd-winged Blk Bird Mortality; NOAEL 2.14E+W 

1 10 1.00E-02 1.75Etw 

1 10 1 .WE-Oi 1.75Etw 

1 10 l.WE-02 l.WEtW 

1 10 1 .WEal 2.WE-02 

10 
- 

10 
- 

1 
- 

1 
- 

1 
- 

5 1 1 1 4.WE-02 8.58E-02 

I Aluminum I Ringed Dove I Reprod.; NOAEL I l.llE+02 



TABLE 3-23 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 
NSB-NLON, GROTON, CONNECTICUT 

Anthracene 

Antimony 

Aroclor-1248 

Chemical Test Species 

Mouse 

Mouse 

Rhesus Monkey 

Endpoint 

Hepatotoxlcity; NOAEL 

Longevity; LOAEL 

Reprod.; LOAEL 

Reprod.; LOAEL 

Bis(24hylexyl)phthalate Ringed Dove 

Boron Do9 

Bromodichloromethane Mouse 

Bromomethane Rat 

&prod.; NOAEL 

Reprod.; NOAEL 

Kidney lesion; LOAEL 

Histopathology; NOAEL 

l.aboraton I I I I I I I Fbml 

l.WE+O3 10 1 1 1 1 1 10 1 .WE-o2 l.WE+Ol 

1.25EtW 1 5 1 5 1 1 10 4.WE-03 5.WE-03 

l.WE-01 1 1 1 5 1 1 10 2.WE-02 2.WE-03 

1.80E+w 1 1 1 1 1 1 1 5 1 1 1 5 1 1 1 4.WE-02 1 7.2OE-02 1 

1.8OEtW 1 1 1 1 1 1 1 5 1 1 1 5 1 1 1 4.WE-02 1 7.2OE-02 1 

514EtOl 1 5 1 1 1 5 1 4.WE-02 2.05EtW 

2.08E+02 10 5 1 1 1 5 1 4.WE-03 6.33E-01 

2.64E+02 1 1 1 5 1 1 10 2.WE-02 527E+W 

l.WEtOl 1 1 1 1 1 1 1 5 1 1 1 1 1 10 1 2.WE-02 1 2.WE-01 1’ 

l.wE+o1 1 1 1 1 1 1 1 5 1 1 1 1 1 10 1 2.WE-02 1 2.WE-01 1 

l.WEtOl 1 1 1 5 1 1 10 2.WE-02 2.WE41 

l.WE+Ol 1 1 1 5 1 1 10 2.WE-02 2.WE-01 

l.WE+Ol 1 1 1 5 1 1 10 2.WE-02 2.WE-01 

8.WEtol 1 1 1 l 1 1 1 1 1 1 1 1 1101 l.WE-01 1 &WE+00 1 

6.6oE-01 1 5 1 1 1 1 10 2.WE-02 1.32E-02 

l.llE+W 1 1 1 1 1 5 1 2.WE41 2.22E-01 

1.75Et01 1 l 1 1 1 1 10 l.WE-01 1.75E+W 

l.i’9E+Ol 1 1 1 5 1 1 10 2.WE-02 3.58E-01 

1.40EtW 1 IO 1 1 1 1 1 1 1 1 1 1 1 10 1 l.WE-02 1 1.4OE-02 1 



5 TABLE 3-23 

z 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 

0 NSB-NLON, GROTON, CONNECTICUT 

’ 2.WE-01 1 2.9OE-01 

, 2.WE-02 2.WE-01 

1 .WE-Ol l.lOE+w 

1 .WE-02 2.73E-01 

1 .WE-o2 1.6OE+W 

1 *WE-O2 I 3.36E-01 I 
2.WE-01 I 2.WE-01 

2.WEdI2 

1 .WE-O2 

2.WE-03 

2.WE-01 

2.WE-02 

2.WE-0fl 

3.WE-02 1 

1.37E+W I 
4.WE-02 

2.WE-02 

2.WE-02 

l.WE+W 

1 .WE-Ol I 456E+02 I 
2.WE-01 1 2.WE+00 



$ TABLE 3-23 

F 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 

s NSB-NLON, GROTON, CONNECTICUT 

Chemical Tact Specie Endpoint 
laboratory 
Tear Result (I b c d . f g 
hllLllm~rl 

Endosulfan sulfate Gray Partridge Reprod.; NOAEL l.WE+Ol 1 1 1 1 1 6 1 

Final 

2.WE-91 2.WE+W 

I Endrin I Mallard Duck I Reprod.; NOAEL I 3.WE-61 1 1 1 1 1 1 1 1 1 1 1 5 1 1 1 2.WE-91 1 6.WE-02 1 

I Endrin aldehyde I Mallard Duck I Reprod.; NOAEL I 3.WE-01 1111111+1+ 2.WE-61 

Endrin ketone I- Mallard Duck I Reprod.; NOAEL 1 3.WE-61 I l I Tmt 2.WE-01 

Ethylbenzene Rat Lvr & Kid function; LOAEL 498E+02 10 1 1 5 1 1 10 

Fluoranthene Mouse Red Bld Cell Cf.; NOAEL 1.25Eto2 1 l 1 1 1 1 lo 

Fluorene Mouse Red Bld Cell Cf.: NOAEL 1.25Eto2 10 1 1 1 1 1 10 

2.WE-03 

1 WE-61 

1 .WE-92 

6.WE-02 

6.WE-02 

8.16E-01 

1.25E+Ol 

1.25EtW 

1. cc I Gamma-Chlordane ] Rd-winged f3lk Bird 1 Mortality; NOAEL 1 2.14E+ 00 1 1 1 5 1 1 1 1 1 1 1 5 1 1 1 4.WE-92 1 8.56E-621 

TV- 

Heptachlor Rat Reprod.; NOAEL &WE-61 1 l l 1 1 1 10 1 .WE-ol &WE62 

Heptachlor epoxide Do9 Liver wt.; LEL 2.96E-64 10 1 1 5 1 1 10 2.WE-W 5.92E97 

Indeno(l,2,3Cd)pyrene Mouse Reprod.; LOAEL l.WE+Ol 1 l 1 5 l 1 10 2.WE-02 2.WE-01 

Lead American Kestrel Reprod.; NOAEL 3.85E+W 1 1 1 1 1 6 1 2.WE-01 7.70E-01 

I Manganese I Rat I Reprod.; NOAEL I 8WE+Ol ~1~1~1~1~1~1~10~ l.WEOl I aWE+ I 

Mercury I Mallard Duck I Reprod.; LOAEL I 6.40E-92 

‘Methoxychlor Rat Reprod.; NOAEL 4.WE+w 1 l 1 l l 1 10 1 .WEgl 4.WE-61 

Methylene chloride Rat Liver histology; NOAEL 5.85E+W 1 1 1 1 1 1 10 1 .WEgl 5.85E-91 

Naphthalene Rat Reprod.; NOAEL 4.WEto2 10 1 1 1 1 1 10 1 .WE-o2 4.WE+W 

I Mallard Duckling I Behavior.; NOAEL I 7.74Eto1 1 1 1 1 1 1 1 1 1 1 1 5 1 1 1 2.WE-61 1 1,55E+01 1 

OCDD Pheasant Reprod.;NOAEL 



5 TABLE 3-23 

8 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 

0 NSB-NLON, GROTON, CONNECTICUT 

Chmicd Test Spniw Endpoint 

I Phenanthrene I Mouse I Mortality; LD50 I 1.28E+02 

I Pyrene I Mouse Kidney Lesions; NOAEL 7.60E+Ol 
\ 
Selenium 

Silver 

Styrene 

Mallard Duck 

Rat 

fJo9 

Reprod.; NOAEL 

Histopathology; NOAEL 

Liver wt.; NOAEL 

4.WE-01 

1.40E+02 

2.WE+02 

I Tetrachloroethene 
I 

Mouse I Hepatotoxicity:NOAEL I l&E+01 

I Thallium I Rat I Reprod.; LOAEL 1 7.40E-01 

I Toluene 
I 

Mouse I Reprod.; LOAEL I 260E+02 

Trans-1 ,bdichloropropene 

Trichloroethene 

Vanadium 

Rat 

Mouse 

Mallard Duck 

Kidney wt.; NOAEL 

Hepatotoxicity; LOAEL 

Blood Chem.; NOAEL 

3.WE+00 

7.WE+Ol 

l.l4E+01 

I Vinyl acetate I Rat I Raprod.; NOAEL I 4.77E+02 

I Xylenes, total 
I 

Mouse I Reprod.; NOAEL I 206EtW 

I Zinc I Mallard Duck I Blood Chem.; LOAEL I 3.WE+02 

2,4,- Dimethylphenol Mouse 

4-Methylphenol Rat 

Beta BHC Rat 

Hemat. Changes; NOAEL 

Fetal Body wt.; NOAEL 

Organ Histology; NOAEL 

5.WE+Ol 

6.wE+ol 

4.WE+W 

I Delta BHC I Rat Organ Histology; NOAEL 4.WE+W 

I Endosulfan I I Gray Partridge I Reprod.; NOAEL I l.WE+ol 

I b 

- 
10 

- 
10 

- 
1 

- 
1 

- 
10 

- 
10 

- 
10 

- 
1 

- 
10 

- 
10 

- 
1 

- 
1 

- 
1 

- 
10 

- 
10 

r 
- 

10 
- 

10 
- 

1 

- 

- 
5 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

1 1 1 1 1 1 1 1101 l.wE-01 2.06E-01 

1 1 1 1 1 1 1 1 10 1 l.WE-02 1 4.WE-02 1 

1 1 1 1 1 1 5 1 1 1 2.WE-01 1 2.WEt 00 ] 
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G 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE BARRED OWL 

s NSB-NLON, GROTON, CONNECTICUT 

Fills1 
Uasrrtsinty 

Fssloff ” 

odvad 
NOAEP 

hllhom~vl 

4.WE+W 

3.WE-01 

1.25E+W 

1 .WE-Ol 

2.16EtOl 

556EtOl 

6.00E+00 

4.66E-63 

2.66E-06 

a b 0 d o 1 (I 

1 1 

1 1 

1 1 

10 1 

1 1 

1 1 

1 1 

10 1 

1 1 

5 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 5 

2.WE-01 

10 1 .WE-Ol 

10 1 .WE-Ol 
- - 

1 10 1 eWE-02 
- - 

10 1 .WE-ol 
- 

10 l.WE61 

10 1 .WE-Ol 

OCDF 

1,2,3,4,6,7 - HCDD 

Rat 

Pheasanf 

Blood Chem.; NOAEL 

Reproducfion;NOAEL 

4.66E-61 

1.40E-65 

10 1 .WE-O2 
- 

2.WE-61 1 

1 
2 

“F, 
“Fb 
“F, 
uFd 

“F, 

UF, 

Final Uncertainty Factor = (l/UF,*l/UF~*l/UF,*l/UFd*l/UF,*l/UF ) 
Derived Wildlife NOAEL = Laboratory Test Endpoint * Uncertainty Factor 
= Subchronic Exposure Period 
= Nonsensitive Endpoint 
= Acute to Chronic LOAEL 
= LOAEL to NOAEL 
= Wrthin Taxonomic Order 
= Mammal to Bird 



TABLE 3-24 
DERIVATION OF NO OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE CORMORANT 

NSB-NLON, GROTON, CONNECTICUT 

Arsenic 

Banum 

Mallard Duck Mortakty; NOAEL 

Chick Mortalrty; NUAtL 

Bento(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(g,h,l)perylene 
Benzo(k)fluoranthene 

%nzoic acid 

Mouse 1 1 1 5 1 1 10 2.00t-02 
Mouse 1.oott01 1 1 1 5 1 1 10 2.alt-02 
Mouse Heprod.; LOAtL l.aott”, m 1 ’ ’ = ’ 1 ‘n 2.oIJt-02 
Mouse pro .; tL 1.oott01 1 ; ; ; ; 1 ;;; 2.wt-02 

Mouse pro .; tL 1 1 1 5 1 1 10 2.00t-02 

I Hat Micropathology; NOHIZL 0.wc+u1 1 111 1 1 1 10 1 .out-ol 



“I 
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x TABLE 3-24 
DERIVATION OF NO OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE CORMORANT 
NSB-NLON, GROTON, CONNECTICUT 

Chmtical 

10 1 2.OOE-03 1 5.92E-07 
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TABLE 3-24 
DERIVATION OF NO OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE CORMORANT 
NSB-NLON, GROTON, CONNECTICUT 

Cbanicrl 

4-Chloro-Bmethyl phenol 

Dwwxtyl phthalate 
Phenol 

-i ,2,3,4,6,7 - hl;vu 

&nzyl Alcohol 

Tsst Spscirs 

Mink 

Mouse 
Rat 

Pheasant 

Rat 

Endpoint 

Reproduction; NOAEL 

Reproduction: NOAtL 
Fetal Body Wt.; NOAtL 

Reproductlon;NVAtL 
Growth; NOAtL 

laboratory Flllll 
Tsstllssult I b c d o f S UnCrrtliny 
hwllt(lk’~Vl FWtoP’ 

2.16t+O2 1 1 1 1 1 1 10 1.00t-01 
55ott02 1 1 1 1 1 1 10 1 .oot-oi 
6.OOttOl 1 1 1 1 1 1 10 1.oot-01 

1.4ot4IJ ’ ’ ’ ’ ’ kl 1 2.cKlt-01 

6.WttOl 1 ; ; ; i ; 1 10 1.wt-01 

lhrlved 
NOAEL’a 

lndwwl 

2.16ttOl 

55ot+01 
6.OOttOO 

9 OnLr L.-L- 
6.WttW 

1 
2 

“F, 
“Fb 
“Fc 
“Fd 
“F, 
“Fl 

UF, 

Final Uncertainty Factor = (l/UF,*l/UF,*l/UF,*l/UFd* l l/UF, l/UF, *l/UF, ) 
Derived Wildlife NOAEL = Laboratory Test Endpoint l Uncertainty Factor 
= Subchronic Exposure Period 
= Nonsensitive Endpoint 
= Acute to Chronic LOAEL 
= LOAEL to NOAEL 
= Within Taxonomic Order 
= Between Taxonomic Order 
= Mammal to Bird 
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DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE SHORT-TAILED SHREW 

NSB-NLON, GROTON, CONNECTICUT 
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? 
0 

s 



TABLE 3-25 
DERIVATION OF NO-OBSERVED-APPARENT-EFFECTS-LEVELS FOR THE SHORT-TAILED SHREW 
NSB-NLON, GROTON, CONNECTICUT 

1 
2 

“F, 
uFb 

“Fe 
uFd 
UF, 

UFg 

Final Uncertainty Factor = (l/UF,*l/UF,‘l/UF,*1/UF,,*l/UF,*1/UF ) 
Derived Wtldlife NOAEL = Laboratory Test Endpoint l Uncertainty F actor 
= Subchronic Exposure Period 
= Nonsensitive Endpoint 
= Acute to Chronic LOAEL 
= LOAEL to NOAEL 
= Within Taxonomic Order 
= Mammal to Bird 

.’ .I. 

i ;h, 

+A 



Revision 1 
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TABLE 3-26 
BACKGROUND CONCENTRATIONS - SEDIMENT”’ 

THAMES RIVER 
NSB-NLON, GROTON, CONNECTICUT 

Analyte Background Concentration 
(m/W 

Aluminum 54,500 

Antimonv I 0.465 I 

Arsenic 

Barium 

Beryllium 

6.75 

NAt2) 

NA 

Boron 

Cadmium 

NA 

0.39 

Calcium 

Chromium 

Cobalt 

NA 

73 

NA 

Copper 36.8 mg/kg 

Iron 

Lead I 42.15 I 

Magnesium 

Manganese 

NA 

Mercury 0.169 

Nickel 

Potassium 

34.5 

NA 

Selenium 

Silver 

0.32 

0.615 

Sodium 

Thallium 

Vanadium 

NA 

NA 

NA 

Zinc 112.45 

1 Background concentrations established using NOAA Technical Momorandum NOS ORCA 80, 
“Biological Effects of Toxic Contaminants in Sediments from Long Island Sound and Environs” _ 
(NOAA, 1994). 

2 NA - Not Available. -w 

D-01-95-10 3-l 98 CT0 129 



TABLE 3-27 

SUMMARY OF RECEPTOR INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

? 
0 

ii 

Receptor 

Short-tailed Shrew 

Guild 

Insectivore 

Parameter Value Reference 

Body Weight 15 grams Schlesinger & Potter (1974) 

Pearson (1947) 

Chew (1951) 

Skin Surface 

Water Ingestion 

Food Ingestion 

Soil Ingestion 

Inhalation Rate 

Diet Composition 

Home Range 

54 cm2 

0.223 g/gday 

7.95 g/day 

20 % diet 

0.026 

69% Animal 

0.1 - 0.22 ha 

Barrett 81 Stuek (1976) 

estimated 

EPA (1993a) estimated 

Whitaker and Ferraro (1963) 

Platt (1976) 

Receptor 

Raccoon 

Guild 

Omnivore 

Parameter 

Body Weight 

Skin Surface 

Water Ingestion 

Value 

3.67 kg (adult female) 

3,414 cm2 (adult female) 

0.063 g/gday (adult female) 

Reference 

Johnson (1970) 

EPA (1993a) estimate 

EPA (1993a) estimate 

Food Ingestion 
I 

135.6 g/day (adult female) estimated using EPA (1993) 

Soil Ingestion 

lnhalatlon Rate 

Diet Composition 

Home Range 

13% 

2.17 m3/day (adult female) 

37.3 % Animal 

39 ha (adult female) 

Beyer et al. (1994) 

EPA (1993a) estimated 

Hamilton (1951) 

Lotze (1979) 
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TABLE 3-27 (Continued) 
SUMMARY OF RECEPTOR INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor Guild 

Red-tailed Hawk Carnivore 

Receptor 

Herring Gull 

Parameter 

Body Welght 

Skin Surface 

Value 

1030 grams (adult male) 

1021 cm2 

Reference 

Cralghead and Craighead (1956) 

estimated from Walsberg and 

Water Ingestion 

Food Ingestion 

Soil Ingestion 

Inhalation Rate 

0.058 g/g-day 

103 g/day 

2% of dlet 

0.42 m3/day 

Estimated from Braun and Calder 

Cralghead and Craighead (1956) 

lowest value for avaln species 

estimated from Lasiewski and 

I Diet Composition I 98%Animal I Adamcik et al. (1979) I 

1 Home Range I 60-160ha 1 Fitch et al. (1946) I 

Guild ! Parameter ! Value I Reference 1 
Omnivore Body Weight 

Skin Surface 

951 grams (adult female) 

1,001 cm2 (adult female) 

Norstrom et al. (1986) 

EPA (1993) estimate 

I Water Ingestion 

Food Ingestion 

1 0.059 g/gday (adult female) 1 EPA (1993) estimate 
I 

0.21 g/gday (adult female) 1 Plerotti & Annett (1991) I 

I Soil Ingestion I 13% of diet I ( EPA, 1993a) 

Inhalation Rate 
I 

0.41 m3/day (adult female) EPA (1993a) estimate I 

I Diet Composltion I 74% Animal I Haycock and Threlfall (1975) I 

Home Range 1 5 - 10 ha (adult female) 
I 

I Pierotti, pers. comm. as cited in 



TABLE 3-27 (Continued) 
SUMMARY OF RECEPTOR INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Mallard Duck 

Heceptor 

Cormorant 
(Double-Crested) 

Gurld I Parameter I Value I Reference I 

Omnivore I Body Weight I 1,043 grams (adult female) I Neison & Martin (1953) 
\ 

Skin Surface 1,030 cm2 (adult female) EPA (1993a) estimated 

Water Ingestion 0.058 g/g-day (adult female) EPA (1993a) estimated 

Food Ingestion 59.8 g/day (adult female) estimated from EPA (1993) 

I Soil Ingestion 

Inhalation Rate 

Diet Composition 

<2 % I Beyer et al. 1994 

0.42 m3/day (adult female) 

66.5% Animal 

EPA (1993a) estimated 

Swanson et al. (1985) 

Guild 

Piscivore 

Home Range 

Parameter 

Body Weight 

Skin Surface 

Water Ingestion 

Food Ingestion 

I Soil Ingestion 

Inhalation Rate 

Diet Composition 

Home Range 

540 ha (adult females) 

Value 

2,100 grams 

1,644 cm2 

0.103 g/g-day 

94.3 g/day 

Kirby et al. (1985) 

Reference 

Croxall, ed. (1987) 

estlmated from EPA (1993a) 

estimated from EPA (1993a) 

estimated from EPA (1993a) 

1 estimated from EPA (1993a) 

estimated from EPA (1993a) 

Croxail, ed. (1987) 

Palmer (1962) 

I <2 % 

0.724 m3/day 

98% Animal 

8-16 km 



TABLE 3-27 (Continued) 
SUMMARY OF RECEPTOR INFORMATION 
NSB-NLON, GROTON, CONNECTICUT 

I Receptor I Gurld I Parameter I Value I Reference 

Barred Owl 1 Carnivore 
I 

Body Weight 

I Skin Surface 

Water Ingestion 

I Food Ingestion 

1 Soil Ingestion 

I Inhalation Rate 

I Diet Composition 

I Home Range 

630 grams (adult male) 

736 cm2 (adult male) 

Terres (1991) 

estimated from EPA (1993a) 

0.069 g/g-day (adult male) 

43 g/day 

estimated from EPA (1993a) 

estimated from EPA (1993a) 

~2% of diet 

0.377 m3/day 

lowest value for avain species 

estimated from EPA (1993a) 

98% Animal 

86.1 - 369.0 ha 

Terres (1991) 

Nicholls and Warner (1972) 



TABLE 3-26 

BlOACCUMULATlON FACTORS AND SOURCES 
NSB-NLON, GROTON, CONNECTlCUT 

Revision 1 
March 1997 

Soll C:ontaminant BAF Source(l) Soil Contaminant BAF Source”) 

I ,1,2,2-Tetrachloroethane * 1 Chrysene * 1 

I ,1,2-Trichloroethane * 1 Cis-1,3dichloropropene * 1 

I ,l -Dichloroethene * 1 Cobalt 1 .OOE + 00 2 

I ,PDichloroethene (total) * 1 Copper 9.30E-01 3 

I ,4-Dichlorobenzene * 1 Cyanide 1 .OOE + 00 2 

?-Butanone * 1 Di-n-butylphthalate l 1 

5Methyinalphthalene * 1 Dibenzo(a,h)anthracene * 1 

3,3’-Dichlorobenzidine * 1 Dibenzofuran * 1 

Q,4’-DDD : * 1 Dieldrin * 1 

4,4’-DDE * 1 Diethyl phthalate * 1 

4,4’-DDT * 1 Endosulfan ii * 1 

Q-Methyl-2-pentanone * 1 Endosulfan sulfate * 1 

Acenaphthlene * 1 Endrin * 1 

Acenaphthtyiene l 1 Endrin aldehyde * 1 

Acetone * 1 Endrin ketone * 1 

Aldrin * 1 Ethylbenzene * 1 

Alpha-Chlordane l 1 Fluoranthene * 1 

Aluminum 1 .OOE t 00 2 Fluorene * 1 

Anthracene * 1 Gamma-Chlordane * 1 

Antimony 1 .OOE t 00 2 Heptachlor * 1 

Aroclor-1248 l 1 Heptachlor epoxide * 1 

Aroclor-1254 l 1 Indeno(l,2,3-Cd)pyrene * 1 

Aroclor-1260 l 1 Iron l.OOEtOO 2 

Arsenic 1 .OOE t 00 2 Lead 1.24EtOO 4 

Barium l.OOE+OO 2 Manganese 1 .OOE t 00 2 

Benzene l 1 Mercury l.OOE+OO 2 
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TABLE 3-26 
BlOACCUMUlATlON FACTORS AND SOURCES 
NSB-NLON, GROTON, CONNECTICUT 

Soil Contaminant 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Benzoic acid 

Beryllium 

Bis(2-ethyihexyl)phthalate 

Boron 

Bromodichloromethane 

Bromomethane 

Butyf benzyl phthalate 

Cadmium 

Carbazole 

Carbon disulfide 

Shlorobenzene 

Chloroform 

Chloromethane 

Chromium 

BAF 

* 

l 

* 

* 

* 

* 

l.OOE+OO 

* 

1 .OOE t 00 

* 

* 

* 

2.00E t 00 

* 

* 

* 

* 

* 

1 .OOE t 00 

Source’l) 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

3 

1 

1 

1 

1 

1 

2 

Soil Contaminant 

Methoxychlor 

Methylene chloride 

Naphthalene 

Nickel 

OCDD 

Phenanthrene 

Pyrene 

Selenium 

Silver 

Styrene 

Tetrachloroethene 

rhallium 

roluene 

f’rans-1,3dichloropropene 

rrichloroethene 

Janadium 

Vinyl acetate 

Xylenes, total 

Zinc 

BAF 

* 

* 

* 

l.OOE+OO 

* 

* 

* 

1 .OOE + 00 

1 .OOE t 00 

* 

* 

l.OOE+OO 

* 

* 

l 

1 .OOE t 00 

* 

* 

2.30E +00 

Sourcell) 

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

1 

2 

1 

1 

1 

2 

1 

1 

3 

Notes 1) Source: 

1 
2 

BAFs calculated using the following formula and a site-specific TOC: BAF = YL/(O.SS)(foc) 
No literature value identified; assigned a value of 1 .O 

3 Beyer, W.N. and E.J. Cromartie. 1987. A Sun/ey of Pb, Cu, Zn, Cd, Cr, As, and Se in Earthworms and 
Soil from Diverse Sites. Env. Monitoring and Assessment. 8:27-36. 

4 Gish, C.D. and R.E. Christensen. 1973. Cadmium, Nickel, Lead and Zinc in Earthworsm from Roadside 
Soil. Envir. Sci. Technol. 7(11): 1060-1062. 
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TABLE 3-29 

EXPOSURE PARAMETERS USED TO ASSESS CHEMICALS PRESENT IN FOOD 
NSB-NLON, GROTON, CONNECTICUT 

Abbreviation Description Value Used Impact on Risk 
Estimate 

pcprey 

F 

FI 

AF 

WR 

Predicted concentration in prey 

Food consumed 

Fractional intake 

Absorption fraction 

Weight of receptor (kg) 

Worst-case 

Shrew = 7.959 
Raccoon = 1135.69 
Hawk = 1039 
Gull = 0.21 g 
M. Duck = 59.89 
Cormorant = 94.39 
B.Owl = 439 

100% 

100% 

Winter weights 

Overestimate 

Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 

Overestimate 

Overestimate 

Overestimate 
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TABLE 3-30 

EXPOSURE PARAMETERS USED TO ASSESS INCIDENTAL INGESTlON OF SOIL 
NSB-NLON, GROTON, CONNECTlCUT 

Abbreviation 

pcsoil 

F 

FA 

r 
I I=1 

I AF 

1 WR 

Description 

Predicted concentration in soil 

Food consumed 

Soil as % of diet 

Fractional intake 

Absorption fraction 

Weight of receptor (kg) 

D-01-95-10 3-206 

Value Used 

Worst-case 

Shrew = 7.95 g 
Raccoon = 1135.69 
Hawk = 1039 
Gull = 0.21 g 
M. DUCK = 59.8g 
Cormorant = 94.39 
B. Owl = 439 

Shrew = 20% 
Raccoon = 13% 
Hawk = 2% 
Gull = 13% 
M. Duck = c 2% 
Cormorant = c 2% 
B.Cv.4 = c 2% 

100% 

100% 

Winter weights 

Impact on Risk 
Estimate 

Overestimate 

Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 

Overestimate 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 

Overestimate 

Overestimate 

Overestimate 
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TABLE 3-31 

FXPOSURE PARAMETERS USED TO ASSESS INGESTION OF SURFACE WATER 
NSB-NLON, GROTON, CONNECTICUT 

Abbreviation 

PCsurface water 

F 

FI 

AF 

WR 

Description 

Concentration in surface water 

Water consumed 

Fractional intake 

Absorption fraction 

Weight of receptor (kg) 

Value Used 

Worst-case 

Shrew = 0.2339 
Raccoon = 0.083g 
Hawk = 0.0589 
Gull = 0.0599 
M. Duck = 0.0589 
Cormorant = 0.1039 
B.Owl = 0.089g 

100% 

100% 

Winter weights 

Impact on Risk 
Estimate 

Overestimate 

Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 

Overestimate 

Overestimate 

Overestimate 
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5 4.0 GENERAL PHYSICAL CHARACTERISTICS OF NSB-NLON 

This section provides a summary of the general physical characteristics of NSB-NLON including topography 

and surface features, climate and meteorology, surface water quality and hydrology, soil characteristics, 

geology, hydrogeology, etc. This section has been designed to discuss “macroscopic” aspects of the facility 

in general, rather than site-specific physical features. Site-specific physical features are discussed in 

Sections 5.0 through 17.0. 

4.1 TOPOGRAPHY AND SURFACE FEATURES 

f-- 

The topography of NSB-NLON is depicted on Drawing 2 (Volume Ill). The topographic contours were 

provided by NSB-NLON. Four bedrock highs form the topographic upland areas at the NSB-NLON and in 

the surrounding area. To the east of the facility, Baldwin Hill reaches an elevation of 245 feet above mean 

sea level (msl). In the northern, central, and southern portions of the facility, the bedrock highs reach 

elevations that also exceed 200 feet above msl. These bedrock highs have a northwest-southeast trend, 

which is consistent with the regional strike and other bedrock features in the region (USGS, 1967). The 

western edge of the facility borders the Thames River. 

At NSB-NLON, the bedrock highs slope downward to two small, west-trending valleys. Bedrock outcrops 

are prevalent along steep topographic slopes. In addition to the large bedrock highs there are several small 

sub-ridges, which are visible as bedrock outcrops at the facility. Two primary sub-ridges include one east 

of the DRMO and one northeast of the Goss Cove Landfill. A conceptual north/south cross-section of the 

bedrock highs and valleys (A-A’) is provided on Drawing 3 (Volume Ill). 

The two valleys between the bedrock highs are characterized as wetlands and poorly-drained stream valleys. 

The valleys slope gently to the Thames River. In the northern valley, the ground elevation ranges from 

approximately 80 feet in the eastern portion to near sea-level along the Thames River. The eastern (upper) 

portion of this valley contains the Area A Wetland, which drains through an earthen dike into the Area A 

Downstream Watercourses. The ground surface drops steeply across the dike to thirty to forty feet below 

the elevation of the wetland. Historically, the ground surface decreased more uniformly toward the Thames 

River (USGS, 1960). A conceptual east/west cross-section of the northern valley (B-B’) is provided on 

Drawing 3 (Volume Ill). The steep drop in the ground elevation was caused by construction of the dike and 

subsequent filling of the wetlands area with dredge spoils from the Thames River. 
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In the southern valley, the ground elevation slopes mildly from approximately 50 feet in the eastern portion 

to near sea-level along the Thames River. Historically, there was a topographic depression at the former 

Crystal Lake between Tang and Crystal Lake Road. The topographic depression has been filled. Filling has 

also occurred along the Thames River, and the historical shoreline has been extended. 

-w 

Currently NSB-NLON consists of over 300 buildings on 547 acres of land (Atlantic, August 1992). The 

density of buildings is high along the central bedrock high, in the southern valley, and along the Thames 

River. In the northern valley, there are streams, a wetland, and a golf course. The northern bedrock high 

is not highly developed, except along the southern face at the Area A Weapons Center and the Torpedo 

Shops. The top and northern faces of the northern ridge are wooded, undeveloped areas. 

4.2 CLIMATE AND METEOROLOGY 

Southeastern Connecticut is in the northern temperate zone. The climate is influenced by cold and dry 

continental-polar air during the winter and warm, humid maritime air during the summer. During the winter, 

this region is located near the Polar Front boundary, which separates regions of cold, dry continental-polar 

air and warm, moist tropical air. The area experiences extensive winter storm activity and variable daily 

temperatures. During the summer, the Polar Front boundary is located further north, and the region 

experiences warm weather. 
=vi 

The prevailing winds are southwesterly from the continent and bring most of the weather into the region. 

Land-sea breezes are also present in the region. Occasional storms moving northward along the 

mid-Atlantic coast provide strong northeasterly winds and storms, commonly known as “coastals” or 

“northeasters.” Storms are extensive with heavy rainfall and are occasionally of hurricane intensity. Dense 

fog is frequently advected onshore from the Atlantic Ocean from the spring through the fall (NOAA, 1987). 

The average annual temperature at New London, Connecticut, is approximately 50°F. Average monthly 

temperatures vary from 58-72OF in July and August to 23-30°F in January and February. The average wind 

speed is approximately 10 miles per hour. Precipitation ranges from 32 to 65 inches of water per year and 

averages approximately 44 inches per year as measured at New London over an 81-year period. The 

greatest amount of precipitation occurs in the months of March and August and the least in June and 

September. Evaporation averages approximately 23 inches per year (NSB-NLON Master Plan, 1988). 
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- f 4.3 SURFACE WATER HYDROLOGY AND QUALITY 

This section summarizes available information regarding surface water hydrology and surface water quality 

in the vicinity of NSB-NLON. The primary focus of this section is the Thames River, which is the major 

receiving surface water body proximate to the facility. 

4.3.1 Surface Water Hydrology 

NSB-NLON is located on the east bank of the Thames River within the Thames River Watershed. The 

Thames River and its tributaries drain approximately 1,500 square miles of eastern Connecticut, western 

Rhode Island, and south central Massachusetts. The Thames River originates in the City of Norwich Harbor, 

at the confluence of the Shetucket and Yantic Rivers, and discharges into Long Island Sound approximately 

six miles south of NSB-NLON. The Thames R’Ner estuary extends north from Long Island Sound to Norwich 

(16 miles). Widths of the river vary from 1.5 miles at New London Harbor to approximately 500 feet at 

Norwich Harbor. A dredged channel runs north to south in the river. Depths in the dredged channel are 

approximately 40 feet below mean sea level between Long Island Sound and the Subase and about 25 feet 

farther upstream. At NSB-NLON, the width of the channel is approximately 600 to 900 feet. However, the 

channel is narrower upstream and downstream of NSB-NLON. Outside of the channel, depths are relatively 

shallow (2 to 10 feet). Upstream of NSB-NLON there are shallow coves that empty into the river. Most of 

the coves are at least partially cut off from the river by a rail bed. 

The two rivers that join to form the Thames River are the Shetucket and Yantic Rivers. The Yantic River has 

a drainage basin of 88 square miles. Average, minimum, and maximum flows in the Yantic have been 

reported at 170, 3.5, and 13,400 cubic feet per second (f?/s), respectively. The Shetucket, which has a 

1,390-square-mile drainage basin, has reported average, minimum, and maximum flows of 2,000, 14, and 

52,300 ft3/s, respectively. According to an engineering study (LMS Engineers, 1992), other sources of inflow 

to the Thames River are minor in comparison to these flows and to the volume of tidal exchange. Other 

sources of inflow include wastewater treatment facilities in Norwich, Montville, New London, the City of 

Groton, and the Town of Groton, as well as combined sewer overflows in Norwich, industrial discharges, 

and several small streams. 

The Thames River is a salt wedge estuary that is highly stratified with fresher water on the surface and 

denser saline water on the bottom. The river is tidally influenced with a mean tidal range at the New London 

State Pier of 2.6 feet (LMS Engineers, 1992). A freshwater flushing time of 0.5 to 2 days from Norwich to 

Long Island Sound has been estimated (Welsh and Stewart, 1984). In comparison, a bottom water flushing 
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time of greater than 19 days was estimated. The average freshwater flow discharging to Long Island Sound 

from the Thames River has been estimated as 222 million cubic feet per day (Soderberg and Bruno, 1971). 

However, streamflow in the Thames River is small in comparison to intertidal volume and exchange (Bohlen 

and Tramontano, 1977). Very little vertical mixing occurs in the Thames River. The north-south alignment, 

steep banks, and narrow channel do not permit much wind induced mixing. Therefore, the freshwater 

outflows reach Long Island Sound in a well defined surface layer. 

As previously discussed, the Thames River estuary is stratified with relatively fresh water on the surface and 

saline water on the bottom. Historical records show that the salinity in the water at the bottom of the river 

is relatively constant at 30 parts per thousand (ppt). Salinity measurements taken in the Thames River 

adjacent to NSB-NLON in May of 1995 for the Supplemental Ecological Investigation confirmed the constant 

30 ppt salinity level. Measurements ranged from 29.4 to 30.0 ppt taken near the bottom in the channel of 

the Thames River. The salinity of the water at the surface of the river is more variable, with the salinity 

ranging from 28 ppt at the mouth of the river to 2 ppt at the upstream end of the estuary at Norwich. 

Surface water from NSB-NLON drains west toward the Thames River via streams and storm sewers. The 

offsite portion of these watersheds includes a sparsely developed residential area located to the east along 

Route 12 and an area with limited commercial development located north of the intersection of Crystal Lake 

Road and Route 12. 

Significant onsite drainage features include several streams (perennial and intermittent), ponds, Rock Lake, 

North Lake, and a large wetland (Area A Wetland). Most of the major water bodies are shown on Drawing 1 

(Volume Ill). The majority of these surface water features are located in the north central section of 

NSB-NLON. Six streams, three ponds, and North Lake are included in the Area Downstream 

Watercourses/OBDA site alone. These water courses drain to the Thames River through discharge points 

located at the DRMO, the Lower Subase north of Pier 33, and at the Goss Cove Landfill. 

More specific information regarding the watercourse and drainage features associated with each site 

investigated is provided in subsequent sections. Section 9.0 provides additional details regarding the Area 

Downstream Watercourses/OBDA. Section 4.6.5 provides a discussion of groundwater discharge to the 

river and the influence of tides and seasonal variations on the discharge. Section 17.0 provides additional 

details regarding the Thames River. 

D-01-95-10 4-4 CT0 129 



Revision 1 
March 1997 

--. 

I 4.3.2 Surface Water Quality and Designation 

The State of Connecticut Department of Environmental Protection (CTDEP) has classified the Thames River 

quality as SC/SB (see Drawing 1, Volume Ill). This classification designates the water for marine fish, 

shellfish, and wildlife habitat, certain aquaculture operations, recreational uses, industrial and other legitimate 

use, and indicates that the waters presently are not meeting water quality criieria or not supporting one or 

more designated uses as a result of pollution (CTDEP, 1992). 

The quality of the surface water in the Thames River has been measured by the USGS upstream of NSB- 

NLON at Mohegan, Connecticut (USGS, 1993). Many depth-specific water quality parameters are measured 

by the USGS including pH, dissolved oxygen, hardness as CaCO,, and dissolved metals (e.g., iron, 

manganese, and lead). 

Parameters such as pH, dissolved oxygen and total hardness varied depending on the time of year when 

the sample was collected and the depth from which it was collected. The pH of shallow surface water (1 

foot) ranged from 6.3 (November 16, 1990) to 8.5 (July 9, 1991), while the pH of deep surface water (20 feet) 

ranged from 6.5 (November 16, 1990) to 7.9 (May 8, 1991). Dissolved oxygen in shallow surface water of 

the Thames River ranged from 13.2 mg/L (January 10, 1991) to 8.7 mg/L (September 9, 1991) and for deep 

surface water, it ranged from 8.8 mg/L (January 10, 1991) to 1.7 mg/L (July 9, 1991). The total hardness 

of shallow surface water ranged from 340 mg/L (May 8, 1991) to 1000 mg/L (July 9, 1991) while the total 

hardness of deep surface water ranged from 5000 mg/L (November 16, 1990) to 2300 mg/L (January 10, 

1991). 

Cdncentrations of dissolved metals in the surface water of the Thames River remained relatively constant 

over the sampling period (i.e., November 16, 1990; January 10, 1991; May 8, 1991; and July 9, 1991) but 

varied with depth. The average concentration of dissolved iron in shallow surface water was 84 pg/L and 

in deep surface water was 25 pg/L. Average dissolved manganese concentrations ranged from 28 pg/L 

(shallow surface water) to 61 pg/L (deep surface water). The average concentration of dissolved lead in 

shallow surface water was 7.1 pg/L. This average is skewed due to a single high detection (27 pg/L) 

measured on July 9, 1991. In deep surface water, lead was not detected above method detection limits, 

therefore an average was not calculated. 
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4.4 SOIL CHARACTERISTICS 
“4 

The United States Department of Agriculture Soil Conservation Service (SCS) has mapped the soils of 

NSB-NLON (SCS, 1983). According to the SCS report, soils at NSB-NLON have a moderate to moderately 

high permeability. Available water capacity is moderate to low. The soils are well drained and runoff is 

rapid. The pH of the soils indicate that they are strongly to moderately acidic, and the erosion hazard is 

severe. 

Native soils across the facility consist of a dark, fine, sandy loam (Hollis and Charlton soils). Stones, 

boulders, and bedrock outcrops are prevalent on hills and ridges (the Hollis-Charlton-Rock Complex). The 

Hinkley Loam has been identified in the far northwestern portion of the facility. The soil is associated with 

stream terraces and outwash plains and consists of a dark, gravelly/sandy loam. Native materials along the 

Thames River were most likely of this type. 

Altered soils at NSB-NLON have been classified as either Urdothents-Urban land or Urban land. The 

Urdothents-Urban land is defined as excessively to moderately drained soils that have been disturbed by 

cutting and filling. It is mapped in the northern portion of NSB-NLON in the Area A Downstream 

Watercourses and along the Thames River. Urban land is defined as areas where more than 85 percent of 

the surface is covered by streets, parking lots, and buildings. Urban land has been mapped in the southern 

portion of NSB-NLON and along the Thames River. 

Manganese content of area soils was reviewed as this constituent emerged as a potential concern during 

the risk assessment. Nationwide the USGS reports background levels of manganese occurring at levels 

from less than 2 mg/kg to 7000 mg/kg (Shacklette and Boergen, 1984). In Connecticut, the USGS reports 

that manganese occurs in soils at levels from 150 to 700 mg/kg (Shacklette and Boergen, 1984). 

4.5 GEOLOGY 

NSB-NLON is situated in the Eastern Uplands region of Connecticut. The area has irregular hills of exposed 

bedrock and poorly drained, uneven valleys. The bedrock consists of metamorphosed rocks of sedimentary 

and igneous origin. The bedrock has been faulted and folded. A major east-west trending fault (The Honey 

Hill Fault) is located approximately 6 miles north of NSB-NLON. The fault does not intersect the facility. 

Detailed descriptions of the regional geology are provided in the Phase I RI Report (Atlantic, 1992) and the 

Initial Assessment Study Report (NEESA, March 1983). The following subsections summarize the geologic 
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setting of NSB-NLON and provide a description of the bedrock surface and structure. Site-specific 

geological descriptions are provided in Sections 5.0 through 17.0. 

4.51 Geologic Settinq 

According to the bedrock map (USGS, 1967), the NSB-NLON facility is underlain by the bedrock of five 

different formations: Alaskiie Gneiss, Granitic Gneiss, Mamacoke Formation, Plainfield Formation, and 

Westerly Granite. The Alaskiie Gneiss and Granitic Gneiss are orange-pink to light gray, medium-grained 

granitic gneisses. The Mamacoke Formation is a light to dark gray, medium-grained biotite-quartz-feldspar 

gneiss. The Plainfield Formation is a dark green hornblende-biotite-quartz-plagioclase gneiss. The Westerly 

Granite consists of gray, fine- to medium-grained equigranular granite. 

,--. 

Most of the surficial deposits in the area are unconsolidated glacial materials that were deposited during the 

Pleistocene Age. There are two types of glacial deposits at the facility, statified drift and glacial till. 

Stratified drift consists of sorted silt, sand, and gravel that were deposited by meltwater streams. Stratified 

drift is located on terraces of the Thames River and is mapped along the western portion of the facility 

(USGS, 1960). Glacial till consists of a dense, heterogeneous mixture of clay, silt, sand, and rock fragments 

as large as boulders. Glacial till is exposed on most of the bedrock highs and most likely underlies outwash 

materials in the valleys. The thickness varies considerably but averages less than 10 feet. 

The remainder of the surficial deposits are the product of post-glacial river/floodplain processes and 

manmade modifications. Quaternary alluvium that consists of sand, silt, and gravel has been mapped in 

the area of the Area A Wetland (USGS, 1960). Artificial and natural fill are prevalent at the sites under 

investigation. 

4.5.2 Bedrock Surface and Structure 

Drawing 4 (Volume Ill) is a facility-wide bedrock surface map. Bedrock elevations were determined as the 

ground surface elevation minus the depth-to-bedrock reported on the boring logs for the test borings and 

monitoring wells. 

- r 

The eastern edge of the facility is bordered by a bedrock high known as Baldwin Hill. The bedrock along 

this hill slopes toward the facility. There are three bedrock highs along the northern, central, and southern 

portions of the facility. At higher elevations (i.e., greater than 120 feet) these hills mimic the topographic 

surface. The depth to bedrock at wells 4MWl S through 4MW4S along the central hill and well 2WMWl D 
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along the eastern hill is less than 10 feet. On the top of the central hill, a depth to bedrock of 2 to 7 feet 

was measured in 2LMW36B and 2LMW358, respectively. For other bedrock highs where no data was 

available, a depth to bedrock of 10 to 15 feet was assumed. Inferred contour lines on Drawing 4 are shown 

as dashed. 

In the two nearly east-west trending valleys between the bedrock highs, the bedrock surface continues to 

decrease along slopes similar to the hills whereas the topographic surface flattens. In the northern valley, 

the bedrock surface decreases to a general elevation of 30 feet. The overburden thickness is typically 20 tom 

30 feet, however, it is thicker in the eastern portion of the valley in the vicinity of the Area A Wetland. There 

are three oblong-shaped bedrock highs that protrude within the valley. On these hills, the depth to bedrock 

is less than 10 feet. The southern valley is broader, and the bedrock elevation decreases to below mean 

sea level and the overburden thickens to greater than 50 feet. There is one bedrock outcrop to the 

northeast of the Goss Cove Landfill along Shark Boulevard. The depth to bedrock is 12 feet at the Goss 

Cove Landfill as determined from boring logs for well cluster 8MW2. 

Along the Thames River, the bedrock surface decreases to elevations of 66 (6TB17) and 82 (6MW2D) feet 

below msl. These elevations are below the bottom of the Thames River, which has an approximate depth 

of 40 feet. Bedrock contour lines are inferred along the Thames River where no data are available. 

Of the five different types of bedrock, only the biotite-quartz-feldspar gneiss of the Mamacoke Formation and 

the Granitic Gneiss were identified during drilling, as documented in the boring logs for site-specific 

investigations. The Mamacoke Formation was identified at the CBU Drum Storage Area, Area A Landfill, 

Area A Downstream Watercourses, Rubble Fill Area at Bunker A86, OBDA, Torpedo Shops, OBDANE, Spent 

Acid Storage and Disposal Area, and Goss Cove Landfill. The Granitic Gneiss was identified at the Area A 

Weapons Center. Both formations were identified within the Area A Wetland and the DRMO. The bedrock 

surface was not encountered at the Lower Subase. 

During the Phase II RI, 7 strike and dip bedding measurements and 4 joint orientation measurements were 

taken along outcrops between the northern and central ridges. Drawing 4 (Volume Ill) shows the strikes 

and dips at these locations. The strike ranges from N29W to N76W. In most cases, the dip ranges from 

24 to 60 degrees northeast. In two cases, the dip is to the southwest. Joints are oriented primarily to the 

northeast, although one is oriented to the southwest. 
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F 4.6 HYDROGEOLOGY 

This section provides a summary of hydrogeologic conditions at NSB-NLON. Brief discussions of 

groundwater quality and designations, aquifer characteristics, and groundwater flow are provided. 

4.6.1 Area Hydrogeology 

For the State of Connecticut, the USGS National Water Summary (USGS, 1986) reports that “...groundwater 

beneath more than 90°h of the land in the state is considered to be suitable for drinking without treatment...“. 

Saltwater intrusion impacts groundwater in coastal areas. Other points of interest include that groundwater 

is hard to very hard in 70% of the wells in the state’s carbonate rock aquifer, 40% of the wells in the state’s 

sedimentary rock aquifer, and 15% of the wells in the stratified drift and crystalline bedrock aquifers. 

NSB-NLON can be characterized as being located in the stratified drift and crystalline bedrock aquifers of 

the state. The report also states that “large concentrations of iron (as large as 46,000 pg/L) and manganese 

(as large as 14,000 pg/L) are a common natural groundwater-quality problem in Connecticut.” 

There are several well water users in the vicinity of NSB-NLON. These include the Groton Water 

Department, the Southeastern Connecticut Water Authority (SECWA), the town of Ledyard and residences 

adjacent to the base. The Groton Water Department supplies potable water to NSB-NLON. The primary 

source of the Groton water supply is reservoirs which are supplemented with wells. The water supplies are 

located within the Poquonock River Watershed, located east of NSB-NLON, which is not within the NSB- 

NLON watershed. 

4.6.2 Groundwater Quality 

4.6.2.1 CTDEP Groundwater Classifications 

CTDEP has classified the groundwater beneath NSB-NLON as GB (see Drawing 1, Volume Ill). A 

classification of GB indicates that the groundwater may not be suitable for direct human consumption 

without treatment as a result of waste discharges, spills, chemical leaks, or land use impacts. GB waters 

may be useful for industrial process waters or cooling waters. 

The groundwater north and east of NSB-NLON is classified by CTDEP as GA (see Drawing 1 in Volume Ill). 

The GA classification signifies groundwaters presumed suitable for direct human consumption without the 

need for treatment. 
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4.6.2.2 Local Background Groundwater Quality 
=4 

SECWA uses groundwater to provide potable water to residents in areas north, east, and northwest of NSB- 

NLON. Water quality data collected in 1991 and 1994 from 16 SECWA divisions was obtained from the 

water authority. The data and a sample location map are included in Appendix C.5. A summary of the 1994 

data is presented in Table 4-1. Iron and manganese were not part of the analytical suite. From the table it 

can be seen that barium, sodium, chloride, fluoride, sulfate, nitrates and nitrites were detected in the 

groundwater. 

The Town of Ledyard also uses groundwater to provide potable water to its residents. The Ledyard Water 

Pollution Control Authority (WPCA) monitors groundwater constituents. Concentrations of iron and 

manganese measured in Well #l in the Highland Well Field were obtained by NSB-NLON from the WPCA. 

This well is approximately 6 miles northeast of NSB-NLON. The data obtained included 7 sampling rounds, 

all from July and August of 1995. The concentrations of iron ranged from 2,170 pg/L to 2,780 pg/L. The 

concentrations of manganese ranged from 1 ,100 pg/L to 1,400 pg/L. The analytical results did not indicate 

whether they were total or dissolved concentrations. 

Homes on Route 12 adjacent to the northeast portion of the site have private drinking water wells, as do 

homes north of NSB-NLON on Sleepy Hollow Road, Long Cove Road, and Military Highway. The quality 

of the groundwater in these areas was measured by Atlantic and is summarized in the Off-site Residential 

Well Water Data Evaluation Report (Atlantic, July 1994d). Manganese concentrations measured in these 

residential wells ranged from less than 0.7 to 2,130 pg/L, while iron concentrations ranged from less than 

4.8 to 21,800 pg/L. Two trailer parks near the site have wells classified as public water supply wells. The 

Colonel Ledyard Mobile Home Park, located on Sleepy Hollow Road adjacent to the North Gate has a well 

that supplies between 15 and 20 families. The Grandview Trailer Park, located at the intersection of Long 

Cove Road and Route 12, has two water supply wells. There are several irrigation wells onsite at the golf 

course which have not been used for several years. 

-4 

4.6.2.3 NSB-NLON Soil, Sediment and Groundwater Quality 

Based on review of the analytical data for monitoring wells located throughout the NSB-NLON facility, it was 

determined that soils and bedrock throughout the area may contain high concentrations of some naturally- 

occurring chemicals. Manganese is of specific interest since risks associated with manganese in 

groundwater were predicted to be relatively high at many sites. Tables 4-2 and 4-3 summarize the 

manganese concentrations in solid and aqueous matrices, respectively. Table 4-2 includes background soil w 
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and sediment concentrations, site-specific sediment concentrations, and site-specific concentrations in 

surface and subsurface soil at each of the individual sites. Table 4-3 presents the manganese 

concentrations in groundwater samples collected from off-site wells and site-specific shallow and deep wells. 

As shown in Table 4-2, manganese concentrations in soil generally range to no more than 400 mg/kg at 

most of the sites. Exceptions ir-iclude the detection of relatively high manganese concentrations in the soil 

at the Area A Landfill (maximum = 1150 mg/kg), DRMO (maximum = 1,260 mg/kg), Torpedo Shops 

(maximum = 725 mg/kg), and Goss Cove Landfill (maximum = 1080 mg/kg). At the Torpedo Shops, only 

one sample out of 22 soil samples collected at the site had a detection of manganese that exceeded 

457 mg/kg. The maximum concentrations of manganese at these sites exceed the background value 

determined for manganese for NSB-NLON (See Table 4-2), but none of the concentrations exceed the range 

of manganese concentrations detected in soils of the eastern United States by the USGS and most are in 

the range reported for Connecticut (See Section 4.4 and Table 4-2). 

From Table 4-2 it can be seen that the manganese concentrations in sediment generally range to no more 

than 500 mg/kg at most of the sites at NSB-NLON. Exceptions include the detection of relatively high 

manganese concentrations in the sediment at the Area A Weapons Center (maximum = 2640 mg/kg) and 

the Area A Downstream Watercourses/OBDA (maximum = 2,850 mg/kg). Sediments were collected in 3 

water bodies close to NSB-NLON to serve as references for the Phase II RI Supplemental Ecological 

Investigation. The maximum concentrations at the two NSB-NLON sites are within the same order of 

magnitude, but approximately double the maximum concentration of manganese detected in the sediment 

of the reference waterbodies (maximum = 1240 mg/kg; Table 4-2). 

Table 4-3 presents the manganese concentration ranges for filtered and unfiltered groundwater samples from 

shallow and deep monitoring wells. Manganese concentrations in offsfte residential wells located upgradient 

of NSB-NLON ranged as high as 2,130 pg/L. These levels are typical of most wells on the base. Maximum 

concentrations of manganese in groundwater at several sites at NSB-NLON exceed the offsite 

concentrations by less than one order of magnitude. 

lsoconcentration contours for manganese (total and dissolved), iron (total) and pH, in overburden and 

bedrock, are provided in Drawings 5 through 12 (Volume Ill). Iron data was plotted because iron and 

manganese are often associated in groundwater under natural conditions. Comparison of these figures to 

bedrock surface contours (Drawing 4) and potentiometric surfaces suggest the following relationships: the 

landfill and dredge spoils are within a depression in the bedrock which controls groundwater flow and 

groundwater flows towards the Thames River (see Section 4.6.4); within the depression pH is depressed 
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by one unit, and manganese and iron are elevated; data to the east of the base is not sufficient to determine 

whether these characteristics occur to the east beyond the base boundary and away from the Thames River. 

The drawings indicate that total and dissolved concentrations of manganese in groundwater are similar, 

indicating that the manganese is dissolved in the groundwater. In general, the drawings show that the 

maximum concentrations of manganese were detected in the Area A Wetland, the Area A Downstream 

Watercourses/OBDA near Streams 1 and 5, and the Torpedo Shops in monitoring well 7MW5D. Many other 

areas of NSB-NLON had limited or no data available and conclusions could not be drawn about the 

concentration of manganese in groundwater for those areas, 

The drawings also indicate that the concentrations of manganese are slightly higher in the overburden 

groundwater than the bedrock groundwater. The maximum concentration of manganese in the overburden 

groundwater was 9,360 pg/L, while the maximum concentration in the bedrock groundwater was 

7630 /.a-. 

The maximum concentrations of iron detected in the shallow overburden and bedrock groundwater were 

141,000 pg/L (Goss Cove Landfill) and 108,000 pg/L (Area A Wetland), respectively. Areas of NSB-NLON 

that had high concentrations of manganese also had high concentrations of iron. These areas included the 

Area A Wetland, Area A Downstream Watercourses/OBDA, and the Torpedo Shops. 

The pH plotted on the drawings was measured in the field during Round 2 of the Phase II RI. The pH of 

the shallow and deep groundwater ranged from approximately 5 to 9. Higher pHs (>9) were only detected 

in the shallow overburden groundwater (Lower Subase and Area A Downstream Watercourses), while lower 

pHs (~5) were detected in both the shallow and deep groundwater (Spent Acid Storage and Disposal Area 

and Area A Downstream Watercourses). The pH of the shallow and deep groundwater in the Area A Landfill 

and Wetland ranged from 6 to 8. The pH of 8 was measured in a deep well along the upgradient edge of 

the NSB-NLON. The pH of the groundwater decreases moving in a downgradient direction towards the dike 

of the Area A Wetland. This decrease in pH may be a result of the anerobic conditions present in the Area 

A Wetland. The pH of the deep groundwater in the area upgradient of the Torpedo Shops and Area A 

Weapons Center was around 8. The pH of groundwater around the Rubble Fill Area at Bunker A86 which 

is upgradient of the Area A landfill and Wetland is approximately 6. 

Based on a review of the pH maps, there is a potential that there are sources contributing to higher (basic) 

and lower (acidic) pH zones in groundwater at NSB-NLON. However, when reviewing the manganese and 

iron maps jointly with the pH maps, there is not a clear relationship between low pH and high dissolved 
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- r metal concentrations. The occurrence of manganese and iron in the groundwater may be due to either 

natural sources (i.e., local geologic units) or man-made sources such as dredge spoils from the Thames 

River or leachate from the municipal solid waste ash placed in the Area A Landfill. Both scenarios fii the 

available data and background information. 

4.6.3 Aquifer Characteristics 

During the Phase II RI, slug tests were performed on 7 wells. The data were analyzed and values of 

hydraulic conductivity were estimated using the Bouwer and Rice Method (Bouwer and Rice, 1976). The 

data and calculations are provided in Appendix C.1 (Slug Test Calculations). Table 4-4 summarizes the 

estimated values of hydraulic conductivii for each well. Although some wells have a designation of “D,” 

only well 4MW2S is screened in bedrock. The hydraulic conductivity for 4MW2S is 3.35 feet/day 

(l.l8E-3 cm/set), and the well is screened mostly in bedrock but partially in overburden described as 

boulders. 

-H=- 

The other wells are screened exclusively in overburden materials. Values of hydraulic conductivity ranged 

from 0.07 to 20.3 feet/day (2.47E-5 to 7.16E-3 cm/set). The highest value is from a well screened in loose 

sand and gravel near the Thames River (6MW3D). Intermediate values between 1 and 5 feet/day are for 

wells screened in the shallow fill and terrace deposits consisting primarily of dense, coarse sand with some 

gravel and silt. The lowest values of hydraulic conductivity, which are less than 1 foot/day, are from wells 

screened in very dense, silty sand in the shallow overburden (e.g., 15MW3S) and dense, poorly sorted sand 

in the deeper overburden (e.g., 8MW2D). The results indicate that the overburden materials are generally 

moderately permeable. Due to the limited database and the fact that some wells are screened across 

multiple lithologies within the overburden, detailed evaluations of the hydraulic characteristics of differing 

types of overburden materials cannot be made. 

A pumping test was performed at well 2LPWlS during the Phase II RI. The test was initiated on 

April 28, 1994 and continued for a total of 4,300 minutes (approximately 3 days). The pumping rate was 

, maintained at 2.0 gpm throughout the test. A low pumping rate was required to maintain water above the 

bottom of the pumping well screen throughout the test. Twenty-one wells were monitored for drawdown, 

but only wells 2LOWlS (10.5 feet from the pumping well) and 2LOW2S (24.5 feet from the pumping well) 

had measurable drawdown that corresponded to the pumping activities. After 4,300 minutes, the pump was 

shut off, and recovery was monitored in all of the wells. Trend data showed that water levels were declining 

in the area, and recovery occurred only in the pumping well 2LPWlS and observation wells 2LOWlS and 

2LOW2S. 
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The drawdown data at wells 2LOWl S and 2LOW2S were analyzed according to the Neuman curve-matching 

technique (Kruseman and deRidder, 1989). Table 4-5 shows the results of these analyses. The data and 

calculations are included in Appendix C.2 (Pumping Test Calculations). The estimated values of 

transmissivity (T), storativity (Ss), and specific yield (Sy) are higher for the data at well 2LOWl S than at well 

2LOW2S. The estimated specific yield at 2LOWlS was calculated to be greater than one. Specific yield 

values above 0.4 are atypical, while a specific yield of greater than 1 is physically impossible. Although well 

2LOW2S is farther from the pumping well than 2LOWlS, the drawdowns at 2LOW2S and 2LOWlS are 

similar. The unreasonable calculated specific yield at 2LOWl S may be due to anisotropic conditions in the 

aquifer or well casing storage effects. The calculated specific yield of 0.24 at 2LOW2S is a more reasonable 

value and is considered to be representative of the aquifer. The calculation of T is independent of time 

variables (which S is derived from), thus anomalous S, values should not adversely impact calculations of 

T and K. The estimated hydraulic conductiviiies at these wells are 2.1 and 3.5 feet/day (7.4E-4 and 

1.23E-3 cm/set). These values are similar to hydraulic conductivity results determined from the Phase II 

slug test data. 

The T, K, and S, estimates obtained from the 2LOW2S data are considered more reliable and representative 

of overall aquifer conditions than those obtained from the 2LOWl S data. The greater distance of 2LOW2S 

from the pumping well results in data representative of a larger portion of the aquifer, and less sensitivii 

to local anisotropic conditions. 

- 

4.6.4 Comprehensive Water Level Investigation 

The following two subsections provide a general description of groundwater flow and vertical components 

of groundwater flow at NSB-NLON. Site-specific discussions of groundwater flow are provided in 

Sections 5.0 through 17.0. 

4.6.4.1 General Discussion of Groundwater Flow 

The general direction of groundwater flow at NSB-NLON is from Baldwin Hill across the facility to the west 

(toward the Thames River). However, the water table surface locally mimics the bedrock (and topographic) 

surface. High hydraulic potentials develop within the three bedrock highs in the northern, central, and 

southern areas of the facility. Precipitation infiltrates into the overburden and bedrock and flows radially from 

the areas of high bedrock (and topographic) elevation toward areas of low bedrock (and topographic) 

elevation. More specifically, groundwater flows toward the two valleys and ultimately toward the Thames 

River or directly from the western edges of the three hills toward the Thames River. 
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Two comprehensive rounds of water level measurement were completed in March and August 1994. A third 

comprehensive round of water levels was obtained in November 1995. The wells used for water level 

measurements included the Phase II RI wells and selected pre-existing wells. The November round also 

included post-Phase II RI Area A Landfill and Tank Farm wells, along with some residential wells not 

previously measured. Water levels were also measured at staff gauges that were installed during and after 

the Phase II RI. Table 4-6 shows the reference elevation, depth to water, and water elevation for the three 

measurement rounds. 

Drawings 13, 14, and 15 (Volume Ill) show potentiometric surface maps for the shallow overburden for the 

three comprehensive rounds of water levels. As indicated on Drawings 13,14, and 15, saturated overburden 

materials were encountered within and along the valley margins at the Subase. In areas of higher ground 

surface (and bedrock surface) elevation, the overburden materials were typically not saturated. Drawings 

16, 17, and 18 show shallow bedrock groundwater contours for the three water level rounds. 

Groundwater elevations were generally lower in August than in March. November 1995 water levels were 

similar to the August 1994 levels. Seasonal variations in water levels are discussed in Section 4.6.4 (Monthly 

Water Level Investigation). 

In most cases, the groundwater elevations at well clusters are similar in the bedrock and overburden. This 

suggests that the bedrock and overburden are hydraulically connected and that the groundwater flow 

directions are similar in both, as is evident by comparing the overburden and bedrock flow maps. At a few 

well clusters, the difference in groundwater elevations between the bedrock and overburden is greater than 

several feet. In these areas the bedrock and overburden have a weak hydraulic connection, and local 

groundwater flow directions may vary. Dashed (inferred) contours were drawn based on topography and 

the bedrock surface elevation in areas where no data are available. 

Limited water level data obtained in November 1995 from offsite wells (Drawings 15 and 18) show that 

groundwater in areas to the east of NSB-NLON are at higher elevations than along the eastern boundary 

of NSB-NLON, indicating that groundwater at NSB-NLON does not migrate offsite to the east. To the north, 

offsite wells have relatively low water levels, however they are located in a valley on the opposite side of a 

large ridge that separates the waste disposal areas at NSB-NLON from these wells. The ridge acts as a 

local groundwater divide, preventing migration of groundwater from the northern waste disposal areas at 

NSB-NLON to these offsite wells. 
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A drainage basin map of Connecticut (Connecticut Geological and Natural History Survey, 1974) shows that 

a major basin divide occurs along the ridges of Baldwin Hill. To the east of Baldwin Hill, water (both surface 

and subsurface) is part of the Southeast Coast Major Basin. Water from this basin is not expected to travel 

toward the facility. To the west of Baldwin Hill, water is part of the Thames Major Basin. Surface and 

groundwaters ultimately discharge into the Thames River. 

Hydraulic gradients in the bedrock are greatest where the bedrock surface slope is steepest (along the 

hillside at Rubble Fill at Bunker A86) and decrease where the bedrock slope is milder (in the valley at Area 

A Downstream Watercourses). Table 4-7 shows the bedrock slope and hydraulic gradient across four 

transects within the bedrock. As shown in the table, the hydraulic gradient decreases as the bedrock slope 

decreases. 

Table 4-8 shows the hydraulic gradients across four transects in the overburden. Two of the transects are 

in the Area A Weapons Center and two are in the lower region of the Area A Downstream Watercourses. 

As groundwater travels toward the Thames River, the hydraulic gradient is influenced by the elevation of the 

Thames River. If the Thames River water level is low, the hydraulic gradient steepens as groundwater 

approaches the river. If the river elevation is higher, the hydraulic gradient flattens or even reverses its 

direction (e.g., at high tide). The 2DMW25S/2DMW28S and 2DMW27S/19MW4 transects of Table 4-8 

indicate that the hydraulic gradient steepens toward the Thames River. This is probably a function of tidal 

effects (water levels were obtained near low tide). 

4.6.4.2 Vertical Components of Groundwater Flow 

The vertical component of groundwater flow is predominantly downward in upland areas of NSB-NLON. 

However, at the base of the hills, the bedrock surface flattens and the overburden thickens. In these areas, 

upward gradients may occur, resulting in shallow bedrock groundwater discharge into the overburden. Near 

the Thames River, upward gradients exist, as is typical for groundwater in major stream valleys. Whether 

an upward or downward gradient develops depends on factors such as the bedrock configuration, depth 

of the overburden, topographic features, permeability, distance to the river and the tides. 

Vertical gradients have been calculated at select well cluster locations and are shown in Table 4-9. One 

trend evident in the data is an upward vertical gradient that has been witnessed at the majority of the Area A 

landfill and wetland well clusters (2LMW7S/D, 2LMW8S/D, 2LMWl3S/D, 2LMW17S/D, 2LMW20S/D and 

2WMWGS/D). Presumably, the Area A Wetland acts as the discharge point for groundwater in this area, 
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thus supported by the observed upward groundwater flow potential from the bedrock, through the 

overburden, discharging to the Area A Wetland. 

Cross-sections A-A’ and B-B’ are shown on Drawing 3 (Volume Ill). Cross-sections C-C’ through K-K are 

shown on Drawing 19 through Drawing 21 (Volume Ill). These cross-sections show the ground surface, 

bedrock surface, potentiometric surface, and lithology. Additionally, where trends could be identified, 

groundwater potentials and flow directions are shown. The cross-section locations are shown on Drawing 

2 (Topographic Surface and Cross-Section Location Map) included in Volume Ill. Cross-sections A-A’ and 

B-B’ are conceptual in nature and display general geologic features for north/south and east/west cuts 

through NSB-NLON. 

Cross-section C-C (Drawing 19) runs north-south across the DRMO and parallel to the Thames River. This 

area is underlain by 5 to 25 feet of fill material, a silt layer, and a sand/gravel layer. The silt and sand/gravel 

layers have been mapped as stratified drii (USGS, 1966), but deposits may also be former floodplain 

deposits of the Thames River. Groundwater flow is toward the Thames River. An upward gradient from the 

sand/gravel layer to the fill material occurs at the 6MW2D well cluster. A vertical gradient from the bedrock 

cannot be determined, because the only bedrock well, 6MW3D, is damaged. 

Cross-section D-D’ (Drawing 19) runs in a southwest direction from the northern bedrock high (Torpedo 

Shops), across the Area A Downstream Watercourses, and toward the Thames River. The bedrock surface 

elevation is highest along the northern hills. The cross-section intersects the central ridge at the 2DMW27 

well clusters, and the bedrock elevation increases toward the central ridge. The overburden between the 

two hills consists of a thin layer of fill that is underlain by silt and sand. The sand and silt are either present- 

day stream/floodplain deposits or stratified drift of glacial streams. Overall, groundwater moves from the 

high bedrock elevations toward the Thames River. A downward vertical gradient occurs at all four well 

clusters. In the area of the 2DMW25 well cluster, groundwater flows radially from the northwest corner of 

the central bedrock high. On the cross-section, this appears as two opposing directions of flow. 

Cross-section E-E’ (Drawing 19) runs in a southwest direction across the central portion of the northern 

valley. Between the northern and central bedrock surface highs, the bedrock surface does not uniformly 

slope to the middle of the valley. Instead, there are two localized mounds in the bedrock surface. They are 

located in the middle of the Area A Wetland at 2WTB4 and to the northeast of 2WTBS at the Area A 

Weapons Center. The overburden consists of miscellaneous fill and dredge spoils that are underlain by sand 

and silt deposits. Groundwater flow is artesian at well cluster 4MW4S (flowing conditions were observed 

during both the March, August and November 1994 rounds). There is an upward gradient and the bedrock 
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groundwater discharges to the overburden at well cluster 2LMW7. There is most likely a higher groundwater 

potential near 2WTB4 that results in radial discharges to the overburden and recharge to the wetland area. 

Cross-section F-F’ (Drawing 20) runs in a southeast direction from the Thames River to the eastern portion 

of the Area A Wetlands. Because the cross-section cuts through the boundaries of the northern bedrock 

high, the bedrock surface appears to be irregular. The bedrock surface generally slopes toward the Thames 

River. The overburden consists of fill and stratified drift. Lateral groundwater flow is generally to the west 

toward the Thames River. The vertical component is generally downward, however, there is a localized 

upward component at well cluster 2WMW5D. 

Cross-section G-G’ (Drawing 20) runs southeast from the 2DMW28 well cluster in the golf course, up the 

central hill to the 4MW4 well cluster, and down the central hill to the eastern portion of the wetlands. The 

cross-section covers much of the Area A Landfill (2L wells). The overburden at the landfill consists of dredge 

spoils, fill, and stream/floodplain deposits. Groundwater flows west from the 4MW4 well cluster toward the 

Thames River. There are upward gradients at the 2LMW13, 3MW12, and 2DMW28 well clusters. Upward 

gradients exist from the 4MW2 well cluster toward the southeast (i.e., at well clusters 2LMW17, PLMWl9, 

and 2LMW20). There is a downward component from the overburden to the shallow bedrock at the 

PLMWl8 well cluster. This is believed to be a result of the steep slope in the bedrock and the thick 

overburden. 

-. 

-+ 

Cross-section H-H’ (Drawing 20) runs east across the Lower Subase from 13MW8 to 13MW2. The 

overburden consists of sand and gravel fill that is underlain by silt near the Thames River. The silt has been 

mapped as stratified drift (USGS, 1960). Groundwater flows toward the Thames River. Although the depth 

to bedrock is unknown, the bedrock surface probably decreases toward the Thames River as it does at the 

DRMO and Goss Cove landfill. The slightly irregular groundwater elevations between 13MW19 and 13MW2 

are probably the result of a local irregularity in the bedrock surface or differences in the permeability of the 

overburden. Because no bedrock wells were installed, vertical gradients from the bedrock to the overburden 

could not be determined. 

Cross-section i-l’ (Drawing 21) runs south across the Lower Subase from 13MW8 to 13TB6. The fill has a 

maximum depth of approximately 20 feet. The top elevation of the underlying silt layer ranges from 6 to 

13 feet below msl. As for cross-section F-F’, the groundwater elevations vary. These variations cannot be 

correlated to known variations in overburden thickness or irregularity of the bedrock surface. 
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Cross-section J-J’ (Drawing 21) runs south across Goss Cove Landfill from 8TB7 to 8MW6D. The 

overburden consists of 15 to 25 feet of fill material that is underlain by three definable layers of silt, sand, 

and silty sand. These deposits have been mapped as stratified drii (USGS, 1960), but may also be modern 

stream deposits of the Thames River. The depth to bedrock is greater than 85 feet. Groundwater flows 

inland from the Thames River, most likely due to high tide conditions in the Thames River towards a low at 

8TBl and 8MWl. Groundwater from 8MW5S flows towards the low at 8MWl. There is a downward flow 

component from the fill material to the underlying natural materials within the overburden. 

Cross-section K-K (Drawing 21) runs east from the Thames River near Goss Cove Landfill across the 

southern valley to the Spent Acid Storage and Disposal Area. The cross-section cuts across the bedrock 

high that is located upslope of Goss Cove Landfill . To the east of this bedrock high, the depth to bedrock 

is unknown, so the bedrock surface slope and extent of the high into the southern valley is estimated on 

the cross-section. Groundwater flow is towards the Thames River and there is a consistent downward 

gradient. Although wells OGB-7 and ERM-4 are not shown on the cross-section, the high groundwater 

elevations at these wells suggest that the hydraulic gradient is relatively flat within the southern valley. The 

hydraulic gradient steepens as the bedrock elevation increases and then flattens near the Thames River as 

the bedrock elevation decreases. 

4.6.5 Monthly Water Level Investigation 

Water level measurements were collected on a monthly basis between March 31, 1994 and 

February 23, 1995, during the Phase II RI. Measurements were made at 46 wells and 3 staff gauges. 

Table 4-10 presents the groundwater elevations for each date of collection. A heavy rain occurred on the 

day before the May 26th round, and a light rain occurred on the day before the August 23, 1994 round. 

Appendix C.3 (Monthly Hydrographs) contains hydrographs (water elevation versus time). Hydrographs 

were prepared for selected wells and well clusters using water level data collected from March 31, 1994 to 

February 23, 1995. in general, groundwater elevations were highest in March and decreased from March 

through the summer months. Groundwater elevations increased in August. Although similar groundwater 

elevations were observed in September, they decreased in some wells and increased in others. Overall, the 

groundwater elevations dropped in October to approximately the lowest values observed. Groundwater 

elevations tended to increase from October to December. During January and February, groundwater 

elevations tended to increase but trends for certain regions of NSB-NLON varied. 
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The water level elevations correlate well with precipitation data for Groton provided by the Northeast 

Regional Climate Center in Ithaca, New York. Total monthly precipitation from March 1994 through 

February 1995 was as follows (inches): March - 7.68; April - 2.17; May - 2.51, June - 1.53; July - 0.85; 

August - 6.95; September - 3.99; October - 1.15; November - 5.49; December - 5.19; January - 3.14; 

February - 3.92. 

The hydrographs for OSW12, 2WMW22D, 2WMW2D, 2LM19D, and 2WMW5D demonstrate the seasonal 

water level variations in the bedrock in the eastern portion of the northern valley (Area A Wetland area). Well _ 

OSW12 is located at the highest topographic and bedrock elevation of all of the monitored wells and has 

the highest measured groundwater elevation. This well had the highest variability in groundwater elevations 

as indicated by a standard deviation of 4.07 feet. Water levels for this well ranged from a high of 

131.79 ft msl to a low of 118.05 ft msl. The water level fluctuations in this well are probably reflective of 

(1) the shallow depth to groundwater, (2) precipitation events, and (3) the fact that groundwater at this 

bedrock high point is not affected by recharge in other areas. Wells 2WMW22D, 2WMW2D, and 2LMW19D 

are located at lower bedrock elevations. The variation in the groundwater elevations at these wells are less 

than at OSW12 (i.e., range of standard deviation of 2.93 feet at 2WMW22D to 3.48 feet at 2WMW2D). Water 

levels for these wells ranged from a high of 104.53 ft msl in 2WMW22D to a low of 73.8 ft msl in 2LMW19D. 

Well 2WMW5D is located at the lowest bedrock elevation where the overburden is thickest. The variation 

in the groundwater elevation at this well is the lowest of the wells in this area as indicated by the standard 

deviation of 0.77 feet. Water levels for this well ranged from a high of 74.25 ft msl to a low of 71.28 ft msl. 

Water level variations in this area are most likely moderated by recharge from upland areas. 

-. 

-& 

. 

Review of water level data for the 2WMW5, 2LMW19, and 2LMW7 well clusters indicates that the bedrock 

and overburden wells exhibit similar monthly water level trends. Increases in the bedrock groundwater 

elevations are reflected by overburden water levels, demonstrating the hydraulic connection between the 

overburden and bedrock. Upward hydraulic gradients exist in the vicinity of these well clusters. 

Well 2DMW23D is located along the northern bedrock high in the western portion of the northern valley 

(Area A Downstream Watercourses). Water level variability was greatest at this location and ranged from 

a high of 34.55 ft msl to a low of 44.84 ft msl. Water level data for the 2DMW24 well cluster, which is in the 

northern valley downgradient of 2DMW23D, exhibit similar monthly water level trends in the bedrock and 

overburden, revealing the hydraulic connection between the lithologic units. 

The hydrographs for staff gauges SG-5 and SG-6 show small variations in surface water elevations. Staff 

gauge SG-6 is located in the Area A Wetland near the outfall to the Area A Downstream Watercourses and 
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staff gauge SG-5 is located in Stream 3 just west of the Torpedo Shops. The small variation in surface water 

elevations at SG-6 is most likely attributable to precipitation events or evaporation. Discharge from the 

Area A Wetland would increase as a result of hydrostatic head increases attributable to precipitation events 

which moderate water level fluctuations. The limited variations in the surface water elevations measured at 

SG5 may be attributable to the connection of the stream and the water table. The surface water elevations 

at staff gauge SG-5 show some correlation with the groundwater elevations measured in well 7MW8S 

(Table 4-5) which is the closest well to the staff gauge and well 7MW3D which is upstream of the staff gauge 

and very close to the watercourse (Table 4-8). A comparison of the surface water elevations at SG-5 and 

the groundwater elevations at 7MW8S shows that the stream was a gaining stream in March, 1994 (surface 

water elevation of 39.07 feet msl at SG-5 and a groundwater elevation of 39.41 feet msl at 7MW8S), and a 

losing stream in August, 1994 (surface water elevation of 38.85 feet msl at SG-5 and a groundwater elevation 

of 38.03 feet msl). In addition, the trends (i.e:, changes with time) in the surface water elevations at staff 

gauge SG-5 are generally similar to the trends of the groundwater elevations at well 7MW3D, which indicates 

a connection between the surface water body and the water table. 

Water level measurements for wells along the Thames River indicate that groundwater elevations along the 

Thames River are tidally influenced. For example, at well 13MW8 which is approximately 20 feet east of the 

river, the groundwater elevation varied from approximately 1 to 3.5 feet, and high tide reaches approximately 

3 ft msl (Section 4.6.5 provides a discussion of tidal influence). The hydrograph for 13MW8 shows no 

monthly trend reflective of precipitation. The observed variability for this well is most likely attributable to 

tidal influences. 

4.6.6 Groundwater Discharqe and Tidal Influence 

Based on studies conducted during the Phase I and II Rls and an investigation at Building 31 completed by 

Halliburton NUS (HNUS, May 1993b), the groundwater potentials have been shown to vary as a result of 

tidal and seasonal influences. Specific information regarding tidal and seasonal influences is provided in 

the remainder of this section. 

4.6.6.1 Tidal Influences on Groundwater Discharge 

The tides of the Thames River influence the discharge of groundwater from NSB-NLON on a daily basis. 

Under normal flow conditions in the river, the discharge of groundwater to the Thames River is greatest at 

low tide. The hydraulic gradient along the river will be steepest during low tide. During high tide conditions, 

the elevation of the river is higher than the groundwater elevations observed along the western perimeter 
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of the facility, which creates localized reversed gradients and consequently reverses flows. Two small 

studies, both in the vicinity of the Lower Subase, have been completed which verii this pattern of water 

level changes. 

=w 

The first tidal study was conducted on April 18, 1991 during the Phase I RI (Atlantic, August 1992). Water 

levels in 16 Lower Subase wells and points on the river were monitored hourly during a 12-hour tidal cycle 

to determine the effects of the tide on groundwater discharge at this site. Groundwater elevations under 

low and high tide were contoured to determine the flow trend. The contours showed that at low tide 

groundwater flows west toward the Thames River. They also indicated that at high tide, groundwater flows 

east from the river in the western portion of the Lower Subase and flows west toward the river in the eastern 

portion of the Lower Subase, with a low groundwater elevation occurring in the center of the site where the 

opposing gradients meet. The study demonstrated that the tidal effects diminish with distance from the river. 

The reversal of groundwater flow direction at high tide did not extend farther than 300 feet inland of the river. 

The second tidal study was completed in February of 1993 as part of a larger investigation at Building 31 

by Halliburton NUS under a separate contract (Contract Task Order 112). Two Hermit data loggers and two 

transducers were installed, one in a temporary well and the other in the Thames River, to complete the 

40-hour study. The two monitoring points were approximately 105 feet apart. The study showed that tidal 

changes of approximately 2.22 feet occurred in the Thames River, which created reversals in groundwater 

flow directions within the Lower Subase every tidal cycle. Water levels in the monitoring well fluctuated by 

1 .19 feet during the same time frame. 

Based on the information discussed above, the following conclusions were reached regarding tidal influences 

of groundwater discharge from NSB-NLON: (1) During low tide, the hydraulic gradient of the groundwater 

table at NSB-NLON is towards the Thames River and will result in the highest discharge rate of groundwater 

to the river; (2) During high tide, the hydraulic gradient of the groundwater at NSB-NLON along the Thames 

River is reversed and flow occurs from the riier to the site, temporarily halting the discharge of groundwater 

from the base to the river; (3) The reversal in hydraulic gradient resulting from tidal influences occurs only 

near the river, generally within 300 feet, and does not seem to significantly alter groundwater flow in other 

areas of NSB-NLON. 

4.6.6.2 Influence of Seasonal Variations on Groundwater Discharge 

Seasonal variations of the groundwater table across the site were recorded during monthly groundwater level 

measurements at monitoring wells. The data were presented in Table 4-10 and discussed in Section 4.6.4. 
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To initially understand the variation in the 12 months of data, two general statistics were developed. First, 

a monthly mean groundwater elevation was estimated using each months entire set of data to determine 

if there was a general trend in the data by month. The resulting means are summarized in Table 4-10. The 

means range from 40.73 feet for the month of July to 43.75 feet for the second round of measurements for 

the month of February. The variations of the monthly water level means generally correlate with the months 

with lower and higher precipitation and recharge. 

The second set of statistics calculated was the standard deviations of the monthly measurements for each 

individual well. A standard deviation quantifies the departure of monthly groundwater elevations from the 

mean at each well. The minimum standard deviation (0.227 feet) was calculated for SG-5 at the confluence 

of Stream 3 and the drainage channel for the Torpedo Shops water level measurements, while the maximum 

standard deviation (6.802 feet) was determined from water level data for well 2DMW23D (north of Triton 

Avenue and west of Torpedo Shops). The majority of the standard deviations were approximately 1 foot. 

The highest standard deviation of water levels occurred in wells which are located along the hillsides and 

on top of the hills at bedrock high points. Generally, the smallest standard deviations in water levels were 

noted in wells installed in the valleys, where the overburden thickens and groundwater recharge from upland 

areas moderates water level variations. 

Hydrographs of groundwater elevations versus time were plotted for several wells located along two 

east-west transects through the site. The transects extend from the head of the northern and southern 

valleys to locations near the Thames River. Shallow and deep well water levels were plotted independently. 

The shallow wells for the transect through the northern valley included 2LMW19S, 2LMW7S, 2DMW24S, and 

2DMW27S and the deep wells included were 2LMWl9D, 2LMW7D, 2DMW24D, and 2DMW27D. The shallow 

wells for the transect through the southern valley included 15MW3S, OGB-7, ERM-4, 8MW8S, and 8MW6S 

and the deep wells were 8MW8D and 8MW6D. The resulting hydrographs are presented on Figure 4-l 

(shallow wells, northern valley), Figure 4-2 (deep wells, northern valley), Figure 4-3 (shallow wells, southern 

valley) and Figure 4-4 (deep wells, southern valley). 

The hydrographs presented in Figure 4-l show that in the upgradient areas of the northern valley (2LMW19S 

and 2LMW7S), the aquifer dewaters during the summer months and tends to recharge during the fall and 

winter months. The aquifer does not show any real trend of dewatering during the summer months or 

recharge during the fall and winter months in the portion of the valley closer to the Thames River (2DMW24S 

and 2DMW27S). This difference in trends can be explained by the storativiiy of the aquifer material and the 

hydraulic gradient in the two regions. The upgradient wells are located along the bedrock highs where the 

overburden is relatively thin. Because the storativity of the bedrock is low and the hydraulic gradient is 
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relatively steep, the groundwater potentials are more sensitive to seasonal changes. The downgradient wells 

are located where the bedrock slope is milder and the overburden is thicker. Because the storativity of the 

overburden is relatively high and the hydraulic gradient is mild, the groundwater potentials are less sensitive 

to seasonal changes. 

=* 

The hydrographs for the deep wells (Figure 4-2) show trends similar to those for the corresponding shallow 

wells (Figure 4-l). One exception between the deep and shallow well hydrographs is the gradient between 

2LMW19 and 2LMW7. As shown by the water levels for the shallow wells, there is a consistent northwestern 

gradient from 2LMW19S to 2LMW7S. The hydraulic head in both deep wells is approximately the same 

throughout the measurement period. 

The hydrographs presented on Figure 4-3 show trends similar to those shown on Figure 4-l with one 

exception. The hydrographs for the wells near the Thames River (8MW6S and 8MW8S) show more 

pronounced tidal effects than the well (2DMW27S) selected from the northern region of the site. The 

difference is attributable to the proximity of the southern wells to the river. Figure 4-4 displays hydrographs 

for deep wells at the Goss Cove Landfill. The Goss Cove Landfill wells (8MW8D and 8MW6D) were the only 

deep wells in the southern valley that were subjected to monthly water level measurements. Figure 4-4 

shows that there is a periodic reversal in the gradient between the two wells as a function of time. This 

trend is most likely a result of tidal variations in the Thames River. Water level variations are greatest for well 

8MW6D, which is located nearer the Thames River. 

The hydraulic gradients between the shallow wells were also estimated using the monthly data. The 

hydraulic gradients are presented in Tables 4-l 1 (northern valley) and 4-12 (southern valley). Variations in 

the hydraulic gradients are most pronounced along the bedrock highs and least evident in the valleys (with 

the exception of those attributable to tidal influences). 

Based on the evaluation of the monthly water-level data, the following conclusions may be reached 

regarding seasonal influences on groundwater discharge from NSB-NLON. 

. During periods of limited recharge (i.e., summer and early fall), the hydraulic gradients along the 

bedrock highs (where there is limited overburden thickness) decrease and the groundwater 

discharge from these areas decreases. Conversely, during periods of significant recharge (late 

fall and spring), the hydraulic gradients in these areas and groundwater discharge increases. 
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. Hydraulic gradients in the portions of the site where there is significant overburden (i.e., the 

valleys and floodplain) remain relatively constant (with the exception of tidal-related variations) 

throughout the year as does the groundwater discharge. 

4.7 DEMOGRAPHY AND LAND USE 

This section provides general information regarding demographics. This information has been compiled 

from the Phase I RI report (Atlantic, August 1992). Several communities are located within 1 mile of 

NSB-NLON as shown on Drawing 1 (Volume Ill). According to the U.S. Bureau of the Census, three 

neighborhoods in the Town of Groton lie adjacent to or within NSB-NLON. The neighborhood boundaries 

are described as follows: 

0 

0 

K- 

North West - The community is located adjacent to NSB-NLON on the east side of Route 12 

from the Groton - Ledyard town line to Walker Hill Road on the south. The neighborhood 

extends west to the Ledyard Reservoir. 

Pleasant Valley -The Pleasant Valley Neighborhood borders the south boundary of NSB-NLON. 

On the east it is bounded by Connecticut Route 12 and on the west by the Thames River. The 

southern boundary of Pleasant Valley is Grove Street and Walker Hill Road. 

Naval Submarine Base New London - NSB-NLON as described in Section 1.2.1 is considered 

a neighborhood in Groton although portions of it are located in Ledyard. Population data 

reported for this neighborhood are from April 1, 1980. 

The Gales Ferry section of Ledyard is also located adjacent to NSB-NLON to the north. Tables 4-18 and 

4-14 include 1980 census information for the towns of Groton and Ledyard and shows the total population 

breakdown by age and sex. More recent data and population information for neighborhoods in the Town 

of Groton, Town of Ledyard, and for the Gales Ferry section of Ledyard are included where available. 

4.8 ECOLOGY 

The New London/Groton area lies in the Central Hardwoods zone that covers a large portion of the 

northeastern United States. Virgin forests in this area have been replaced by second or third growth stands 

as a result of development. Many wetland areas have been filled to support development. Although the 
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Thames River has been dredged and its banks have been stabilized, the course of the river is unchanged 

and the river still supports a variety of indigenous species of flora and fauna. 

4.8.1 Terrestrial Habitats 

The following descriptions of the NSB-NLON terrestrial habitats was deriied primarily from the initial 

Assessment Study of Naval Submarine Base, New London, Connecticut, (NEESA, March 1983). 

4.8.1.1 Upland Vegetation 

Both upland and wetland vegetation are found at NSB-NLON. The climate favors hardwoods over 

softwoods, although coniferous trees may be prevalent in areas of poor soil where competition from 

hardwood species is less intense. 

Typical of most municipal areas in Connecticut, oak/beech/red maple forests dominate the upland 

vegetation in this area. These hardwoods, or deciduous trees, comprise most of the total vegetative cover, 

with oak the dominant species. The softwoods or evergreens account for less than 10 percent of the forest 

types. White pine, cedar and hemlock are the major trees in this category. Excluding ornamental plantings, 

evergreens usually occur in nature in concentrated clusters or stands. Both the Pine Swamp and the Great 

Cedar Swamp in Ledyard are excellent examples of this condition. However, a deciduous tree (red maple) 

usually dominates along with the evergreens in wet areas. 

Although mature hardwoods and softwoods exist in the area, nearly 70 percent of the total woodland is 

occupied by immature trees as a result of the extensive logging and clearing that took place in the last 

century and into the present one. Some common understory plants of wooded areas are dogwood, cherry, 

tupelo, sassafras and other tree saplings, catbriar and grape vine. Poison ivy is also common. Bittersweet, 

barberry, goldenrod, green briar, catbriar, sumac, hawthorne, grasses and wildflowers flourish in open areas 

and old pasture land. 

4.8.1.2 Fauna 

The land within and surrounding NSB-NLON provides habitat for various terrestrial fauna. Common 

mammals include the eastern grey squirrel, raccoon, white-tailed deer, opossum, eastern cottontail, and 

woodchuck. Although these species are typically found in hardwood forests and old field habitats, they 

overlap into the other areas. Common amphibians found in this part of eastern Connecticut include the 
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American toad, bullfrog, leopard frog, dusky salamander, and the red-backed salamander. Reptiles common 

to the area include the water snake, garter snake, hognose snake, painted turtle, and spotted turtle. 

The avian fauna of the NSB-NLON consists of a variety of species that may be permanently residential, 

migratory or seasonal. Winter birds often found around home feeders include the tufted titmouse, nuthatch, 

and cardinal. Summer birds of residential areas are blue jay, robin, chickadee, and house sparrow. 

Summer birds common to more natural and open areas are mourning dove, common crow, eastern 

kingbird, and the sparrow hawk. Over 20 species of birds can be found breeding in the upland forests and 

fields. The most commonly found breeding species are the bobwhite quail, yellow shafted flicker, towhee, 

and brown thrasher. 

4.8.2 Aquatic Habitats 

Both freshwater and estuarine aquatic habitats exist at NSB-NLON. Freshwater streams, ponds, lakes and 

a wetland exist at NSB-NLON. The Thames River, a tidal estuary, borders NSB-NLON on the west. The 

following sections describe the aquatic habitats in each type of water body. 

4.8.2.1 Freshwater 

Two lakes, North Lake and Rock Lake, are maintained at NSB-NLON for recreational and aesthetic purposes. 

North Lake is an artificial (man-made) lake, while Rock Lake is a natural lake. 

The other freshwater systems naturally occurring within NSB-NLON are in Area A and they are restricted to 

shallow waters associated with the wetlands and the ephemeral streams that drain them. 

Four wetlands have been delineated in Area A: the Area A Wetland, Upper Pond Wetland, Lower Pond 

Wetland, and OBDA Wetland. The ephemeral nature of the streams and the shallowness of the wetland 

surface waters act to restrict the diversity of aquatic fauna within the systems. The following descriptions 

of these wetland areas were derived primarily from the Wetland Delineation Area A for the NSB-NLON, 

(Atlantic, July 1994d). 

Area A Wetland 

The Area A Wetland (23.6 acres) is characterized as a palustrine emergent, nonpersistent, narrow leaved 

and broad-leaved deciduous scrub/shrub wetland with a nontidal artificial water regime. Areas of open 
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water (generally shallow) are scattered across this wetland unlt. The Area A Wetland was artificially created 

by depositing dredge spoil from the Thames River into a lowland that contained a small stream. The soft 

organic sediments that characterize these wetlands support a monoculture of the reed fhragmires sp., which 

dominates all other vegetative forms. There are scattered patches of open water between the stands of 

reeds; scattered duckweed (Lemna ssp.) and filamentous algae found in these areas. As the substrates 

become firmer, the vegetation becomes more typical of vegetation associated with old fields and upland 

areas. Those found in the zone of transition include viburnum (Viburnum recognitum), spicebush (Lindera 

benzoin), and blaqk alder (Ilex verticillara). 

Upper Pond 

The Upper Pond Wetland (0.48 acre) is located approximately 300 feet downstream of the Area A Wetland 

and is classified as a palustrine open water (shallow) wetland surrounded by a palustrine emergent, 

nonpersistent, narrow-leaved wetland with an artificial water regime. This wetland has a similar soil regime 

(aquents) to the Area A Wetland and is characterized by poorly to very poorly drained fine-textured marine 

sediments transported into this wetland from the upgradient Area A Wetland. The emergent, nonpersistent, 

narrow-leaved vegetation is dominated by the common reed (Phragmites sp.). 

Lower Pond, 

The Lower Pond Wetland (0.50 acre) is located approximately 50 feet west of the Upper Pond Wetland. The 

Lower Pond is classified as a palustrine open water (shallow) wetland surrounded by a palustrine 

scrub/shrub and wooded broad-leaved, deciduous wetland with a nontidal seasonal water regime. Sweet 

pepperbush, highbush blueberry, and red maple dominate the vegetation of this wetland. Wetland soils are 

classified as native Ridgebury fine sandy loam which are poorly drained, moderately coarse textured, glacial. 

till soil developed over compact till. This wetland is adjacent to a smaller disturbed wetland (0.027 acre) with 

similar characteristics and dominant vegetation. 

OBDA Wetland 

The OBDA Wetland (1.29 acres) is located below the dike that forms the Area A Wetland. The OBDA 

Wetland is approximately 150 feet west of the Area A Wetland and 50 to 250 feet south of the Upper Pond 

and Lower Pond Wetlands. This wetland is classified as a palustrine emergent, nonpersistent, narrow-leaved 

wetland surrounded by scrub/shrub and forested broad-leaved deciduous wetland with a nontidal seasonal 

water regime. The emergent, nonpersistent, narrow-leaved vegetation is dominated by the common reed 
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(Phragmires ausrfalis). Sweet pepperbush, highbush blueberry, and red maple are the prevalent shrub and 

tree vegetation associated with this wetland. Like the Lower Pond Wetland, this wetland’s soils are classified 

as native Ridgebury fine sandy loam which are poorly drained, moderately coarse textured, glacial till soil 

developed over compact till. 

4.8.2.2 Estuarine (Thames River) 

Plankton 

Very little information exists on the phytoplankton species in the Thames River (ASA, 1989). Most studies 

have focused on chlorophyll a concentrations as a surrogate for phytoplankton densities. Chlorophyll a 

concentrations ranging from 1 to 250 mg/m3 have been reported for the Thames River. In August 1975, 

chlorophyll a ranged from 49 to 90 mg/m3 in the reaches of the river downstream of Montville in both 

surface and bottom waters. Results of studies in 1974 and 1986 reported lower concentrations ranging from 

0 to 41 mg/m3 along the length of river. 

#=-=; 
Project Oceanology (1989) measured chlorophyll a concentrations above and below the pycnocline to 

assess the contribution of phytoplankton to hypoxic conditions in bottom water of the estuary. The results 

of the study showed higher chlorophyll a concentrations in the surface layer (3 to 15 mg/m3) than in the 

more saline bottom water (1 to 10 mg/m3). 

Phytoplankton/Zooplankton tows were conducted in September, 1972, to determine the density and diversity 

of phytoplankton in the Thames River. Collection was done with a #25 Standard Mesh Plankton net. 

Although the exact density was not recorded, the total number of cells was reported to be low. Zooplankton 

were almost completely absent. The few phytoplankters present were members of the Bacillariophyceae 

and included Dirylum brighhvelli. Coscinodiscus spp., Gyrosiama spp., and Glenodinium spp. Dirylum 

brightwelli was the only species which was uniformly present in the samples, although density was very low. 

;-. I 

A zooplankton study was performed in the Montville area (approximately 2 miles upstream of NSB-NLON) 

in spring, summer, and autumn 1987 (ASA, 1989). This study identified adult copepods as the dominant 

species of zooplankton in the river during that time. In the spring, the dominant species were Acartia 

hudsonica, Euryremora hirundoides, Temora longicornis, and Cenrropages sp. In the summer and autumn, 

Acartia ronsa were dominant. Other zooplankton groups included larval forms of barnacles and crabs. In 

late summer, the presence of a zooplankton predator, the ctenophore Mnemiopsis leidyi reduced copepod 

densities. 
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A study of ichthyoplankton performed in 1988 and summarized by ASA (1989) identified bay anchovy and 

winter flounder eggs and larvae, tautog eggs, and rainbow smelt larvae. 

A low diatom population was also found in the Thames River. This was probably due to the time of 

collection. Nutrient levels were not excessively high as thorough mixing had not released nutrients from the 

bottom sediments. Thus, a dense population of diatoms was not likely. Low temperatures, along with winds 

and wave action in the fall, will result in a mixing and release of bottom nutrients, subsequently producing 

a diatom “bloom.” 

Marine Algae 

There were 13 species of algae collected from the Thames River during the 1973 studies (Navy, 1973). 

These included: 7 Rhodophyta, 2 Phaeophyta and 4 Chlorophyta. The Rhodophyta included: Chondrus 

crispus, Dosya pedicellara, Grinnellia americana, Agardhiella renera, Chondria renuissima, Rhodymenia 

palmara, and Gracilaria folifera. Phaeophyta were: Laminaria sp. and Fucus vesiculosus var. 

sphaerocarpus. Chlorophyta consisted of: Codium fragile ssp. romenrosoides, Ulva lacruca, Proroderma 

marinum and Ulrhrix flacca. The majority of the species were collected by dredging and Eckman sampler 

in the sublittoral zone, while one Scuba dive was also made for collecting purposes. The eulittoral zone is 

narrow with little substrate for the attachment of algae. Only two species were collected in the eulittoral 

zone. 

The marine algae forms collected were sporadic in distribution. The greatest number of species were 

collected near the mouth of the river where a total of seven different species were found. Fucus sp. and 

Ulorhrix lacea were collected at a few locations in the eulittoral zone and from the pier pilings at the 

NSB-NLON marina. At no station was the density of algae very great. 

A 1983 study of macroalgae in the river summarized by ASA (1989) described the non-industrial portions 

of the Thames River as having a typical northeastern rocky coastline. The macroalgae in these areas consist 

of Enreromorpha sp., Fucus sp., Chondrus sp., and Lamineria sp. with Ascophyllum sp. in protected areas 

in shallow areas reached by light. In the industrial areas, the algal zone was narrow and sparse or 

dominated by Ulva sp., Cladophora sp., Enreromorpha sp., and Vaucheria sp. The depth of the river in the 

dredged industrial areas and the lack of appropriate substrate preclude the growth of macroalgae there. 

During sampling conducted in 1993, dense Ulva sp. were observed in Mamacoke Cove across the river from 

the NSB-NLON. 
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The lack of species diversity and density of algae in the Thames River is probably due to the lack of suitable 

substrate. Algae growth was largely confined to large Venus mercenafca shells and submerged objects 

such as lobster traps and other debris. Few rocks were present. Small rocks and larger outcroppings were 

present along one area of the shore where Focus sp. and Ulorhfix sp. were found. 

Marine algae are important in the food chain of Thames River marine organisms. Laminan’a sp., 

Chondros sp., Ulva sp., and Rhodymenia sp. are utilized by such forms as herbivorous gastropods, 

crustaceans and fishes. These organisms are then eaten by carnivorous forms and so on up the food chain. 

In addition to being important as a food source, attached marine algae also provide a substrate for the 

attachment of such invertebrates as hydrozoans, bryozoans, and the polychaete, $piroobis sp. Starfish, 

polychaetes and molluscs are also found entangled in the holdfasts of Laminaria sp. Despite low numbers 

and diversity, the importance of the algae in the river should not be minimized. 

Species of benthic algae found in this area, of which U/vi sp. was the most prevalent, are: 

m-. 

Agafdhiella renera 
Chondri renuissima 
Chondrus crispus 
Gracilaria folifera 
Grinnellia americana 
Proroderma maximum 
Ulorrhix flacca 
Ulva lacruca 
Fucus vesiculosis var. sphaerocarpus 

One species of vascular plant (Poramogeron pecrinarus) was found floating throughout the region. No 

rooted plants of this species were located, however. 

Benthic Invertebrates 

Historical Data 

Much of the existing data on the benthic invertebrates in the Thames River was collected in support of 

proposed dredging projects. The most comprehensive study was performed for the draft Environmental 

Impact Statement (EIS) for the Seawolf project (Department of the Navy, 1991). The draft EIS document 

compared data collected during that survey with previous benthic surveys performed in the Thames River. 

ASA (1989) also provide a comprehensive summary of benthic data from the Thames River. 
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Benthic communities in the Thames River differ from south to north and between channel and non-channel 

areas. Since most of the benthic surveys of the Thames River have been performed in anticipation of 

dredging, the work has focused on the channel. The benthic communities south of the l-95 bridge (2 miles 

south of NSB-NLON) are more representative of Long Island Sound. As is expected in an estuary (Maguire 

Group, 199O), benthic abundance and species richness decreased from the mouth of the river north to NSB- 

NLON. Species composition is similar north of the l-95 bridge, but abundances are lower, probably due to 

the shallower, less saline water in this area. 

The channel is dominated by several taxa, including the bivalves Mulinia lateralis (the opportunistic coot 

clam) and Nucula proxima, and the polychaetes Nephtys incisa and Mediomastus ambiseta. Welsh and 

Stewart (1984) also found differences in benthic communities in the channel north and south of the l-95 

bridge. North of the bridge, they found that Nephtys ceaca, Potamilla reniformis, Pectinaria gouldii, Yoldia 

limatula predominated. They also found invertebrate species such as the hardshell clam (Mercenaria 

mercenaria), the shrimp (Crangon septemspinosus), and a starfish (Asterias forbesii). This is similar to what 

Tolderlund reported in 1975. 

In the summer of 1989, Project Oceanology identified Nucula proxima, Yoldia limatula, Nephlys incisa, and 

Mulinia lateralis as the most common and abundant species in areas of the estuary where the sand content 

of the sediments was less than 40 percent. 

Predominant species found by Welsh and Stewart outside the channel in 1984 differed from those found in 

the channel. Outside the channel they reported the presence of the polychaetes Scoloplos robustus, 

Pectinaria gouldii, and Sabellaria vulgaris, softshell clams (Mya arenaria), hardshell clams, the amphipod 

Gammarus oceanis, the gastropod llyanassa obsoleta, shrimps Paleomonetes pugio and Crangon 

septemspinosus, blue crab (Callinectes sapidus), and starfish (Asteria forbesii). 

Recent Data 

The environmental assessment conducted as part of the study for the Pier 17 replacement (Maguire Group 

Inc., 1994) included the collection of three samples for benthic analysis. One sample was collected from 

the vicinity of Pier 15 and two samples were collected from the vicinity of Pier 17. These samples were 

collected in April 1994. Results indicated that the two samples from near Pier 17 had low numbers of 

benthic invertebrates (15 and 17 individuals) and low numbers of species (five and six) per sample (0.09 m2). 

The sample from near Pier 15 had 303 individuals per sample and a total of 16 infaunal species. The 
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polychaete worms Mediomastus ambiseta and Cossura longocirrata and the bivalves Mulina lateralis, Yoldia 

limatula, and Nucula annulata were the most common in the samples. 

Taxa identified in the Thames River benthic samples collected in November 1993 during studies conducted 

in support of the Phase II RI included: nemertean, turbellarian, and annelid worms, gastropods, bivalves, 

crustaceans, and a few species of other phyla. A few species of annelid worms were dominant at most of 

the Thames River benthic stations. These included Mediomastus ambiseta, Cossura longocirrata, and 

Srreblospio benedicti. M. ambiseta accounted for 12 to 55% of individuals at each station. This species 

has been identified as “opportunistic” (Dauer, 1993.) These are short-lived species that frequently dominate 

disturbed or distressed habitats. C. longocirrata was most notably dominant near shore at the Lower Base 

and north of Pier 33 where it accounted for 63 and 69% of all individuals, respectively. In contrast, C. 

longocirrata accounted for less than 1% of all individuals on the western shore of the river opposite the 

DRMO. S. benedicti generally accounted for between 5 and 30% of all individuals. Like M. ambiseta, S. 

benedicti has been classified as “opportunistic” (Dauer, 1993). Other annelids commonly present but less 

abundant were Polycirrus spp., Aricidea (Acmira)catherinae, Leitoscoloplos sp., Tharyx sp. A. Polydora 

cornuta, Clymenalla torquara, Hypereteone heteropoda, Steptosyllis pettiboneae, and Nephtys incisa and 

oligochaete worms. The mollusks Mulinia lateralis, Yoldia limatula, Tellina agilis, Mya arenaria (softshell 

clam), and Nucula annulata were relatively abundant at some stations. The only crustacean observed at 

most stations was the amphipod Ampelisca abdita. 

The mean number of individuals per station in the Phase II RI samples (represented by the mean of the three 

replicate 0.05 m2 samples) ranged from 178 to 1,242. The total number of taxa per station (i.e., the number 

of taxa observed at a station in at least one of three replicate samples) ranged from 18 to 55. 

The benthic invertebrate species identified as dominant or observed during the Phase II RI studies were 

similar to those reported by others for the Thames River. The results were also similar to those reported 

for the Pier 15 station (Maguire Group, 1994). 

Shellfish 

Most of the Thames River is closed to recreational shellfishing due to contamination by fecal bacteria (Citak, 

1991). Shellfish beds in a few areas of the Thames River are open to commercial shellfishing on a 

conditionally restricted basis. Conditional restriction means that shellfish from these areas must be relayed 

to and held in approved waters for 45 days. Shellfish in these beds are hardshell clams (Mercenaria 
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mercenaria) and oysters (Crassostrea virginica). The conditionally restricted shellfish beds are in Waterford 

and Ledyard waters. 

Some commercial lobstering occurs in the river. Most of the commercial lobstering occurs south of the l-95 

bridge, over 1.5 miles downstream of NSB-NLON. Recreational fishing for blue crab also occurs in the river. 

The blue crabs move into the shallower waters of the coves in the summer months. Recreational crabbing 

usually occurs in July, August, and September (McLeod, 1993). When the water gets colder, blue crabs 

move into deeper water and south toward Long Island Sound. 

Finfish 

Abundant fish species in the Thames River include winter flounder, tomcod, and window pane flounder in 

the deeper channel areas and mummichog and striped killifish near shore. 

The Thames River also serves as a feeding area for long range coastal migrants such as menhaden, bluefish, 

striped bass, and mackerel, and seasonal migrants such as tautog, weak-fish, porgy, and whiting. Striped 

bass also overwinter in the estuarine portion of the Thames River. An important recreational fishery in this 

area is based on striped bass (Minta, 1992). 

Historically, the construction of dams on the Shetucket and Yantic Rivers has limited anadromous fish runs 

in the Thames River to species who could spawn and survive below these dams (Minta, 1992). Prior to 

construction of the dams in the 1800’s, the river supported many anadromous species including Atlantic 

salmon and Atlantic sturgeon. Currently, the only anadromous species known to spawn in the vicinity of 

Norwich are alewife, blueblack herring, and rainbow smelt. A small recreational fishery for American shad 

exists in the Shetucket River upstream of the Thames River estuary. The CTDEP has a goal to restore the 

anadromous fishery to the Thames River by encouraging the construction of fish passage facilities on the 

upstream dams (Minta, 1992). 

Species observed frequently on the river include herring gulls, great black-backed gulls, cormorants, and 

mute swans. Many duck species, in particular mallards, are observed on the river and overwinter in the 

coves around Mamacoke Island, opposite the river from NSB-NLON (Askins, 1994). During summer, 10 to 

12 mallards and black ducks are normally present in this area; however, during the winter, up to 1,000 ducks 

have been observed. These include large numbers of canvasback ducks, hooded mergansers, mallards, 
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black ducks, gadwalls, and redhead ducks. Greater scaup and common goldeneye use the area 

temporarily. 

4.8.3 Endangered Species 

Six Federal or State Endangered, Threatened or Special Conderns species have been sighted in the 

NSB-NLON area (Conn. Dept. of Env. Protection, 1994). The species are summarized on Table 4-15. 

D-01-95-10 4-35 CT0 129 



D-01-95-10 

Revision 1 
March 1997 

This page is intentionally left blank. 

-4 

4-36 CT0 129 



’ TABLET-1 
SOUTHEASTERN CONNECTICUT WATER AUTHORITY 
POTABLE WATER ANALYTICAL RESULTS (1) 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

I SAMPLE IDlLOCATl--“-* 
Parameter 1A RSM DIV. 1 2A HLC DIV. 1 3ATWR DIV. i 4A BWD DIV. 1 5A EST 

OWL) 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium, Total 
Mercury * 
Nickel 
Selenium 
Silver 
Sodium 
Thallium 
Chloride 
Fluoride 
^ ._ 

IUN(Z) 
- ~’ DIV. 6A LNH DIV. 7A CWD DIV. 6A RBN DIV. 

Pumphouse Dist. 26 Hillcrest Dr. 16 Laurel Leaf Yard Hydrant #2 270 Ridgewood Dr 15 Marjorie St. 41 Chriswood Tr. 231 Blk. Ash. Bwmp 
O.OOW(3) 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 

0.003u 0.003u 0.003u 0.003u 0.003u 0.003u 0.003u 0.003u 
0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 

0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 
O.OlU 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
O.OlU O.OlU O.OlU O.OlU O.OlU O.OlU O.OlU 0.01 u 

0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 
0.01 u O.OlU O.OlU 0.01 u 0.01 u 0.01 u O.OlU O.OlU 

0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 
O.OlU O.OlU 0.01 u 0.01 u 0.01 u O.OlU 0.01 u 0.01 u 

23 6 23 5 24 32 10 6 
0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 0.002u 

35 7 31 4 37 20 8 5 
0.36 0.12 O.lU 0.13 0.16 O.lU 0.92 O.lU 

^^ 
sultate 21 5 11 4 ZU 3 Y 14 

Nitrate 8 Nitrite Nitrogen 1.19 0.45 2.25 0.31 1.32 1.78 0.26 0.11 
Nitrite Nitrogen 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 
Cyanide, Total 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 

1 All samples were collected on August 17, 1994 
2 Sample locations are shown on a figure included in Appendix C.5 
3 U = Nondetect 



’ TABLE 4-1 
SOUTHEASTERN CONNECTICUT WATER AUTHORITY 
POTABLE WATER ANALYTICAL RESULTS (1) 

8 NSB-NLON, GROTON, CONNECTICUT 
z PAGE 2 OF 2 
r 
G 

I SAMPLE WILL&A I IUN(Z) 
Parameter SAMGN DIV. 1 1OA GRF DIV. 1 1lA LYD DIV. 1 12A FVH DIV. 13A CHF DIV. 14A M-I-VDIV. 15A NST DIV. 16A BAR DIV. 

sulfate 7 10 2 16 14 12 7 15 
Nitrate & Nitrite Nitrogen 3.34 0.74 2.53 2.34 1.22 0.81 0.82 8.76 
Nitrite Nitrogen 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 0.005u 
Cyanide, Total 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 0.02u 

1 All samples were collected on August 17, 19g4 
2 Sample locations are shown on a figure included in Appendix C.5 
3 U = Nondetect 
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-- TABLE 42 
SUMMARY OF MANGANESE CONCENTRATIONS - SOIL AND SEDIMENT 

NSB-NLON, GROTON, CONNECTICUT 

1 

7 Reference Waterbodies include Pequot Woods Pond, Niantic Pond and Fishtown Brook. 
8 For the Area A Wetland, sediments and surface soils were combined. 
9 DRMC - Defense Reutilization and Marketing Office. 
10 OBDANE - Overbank Disposal Area - Northeast. 
11 SPASDA - Spent Acid Storage and Disposal Area. 

Range includes analytical results for soil samples taken during Phase I RI and Phase II RI, if 
available. 
Surface soil samples were typically taken from 0 to 2 feet. 
Subsurface soil samples were typically taken from > 2 feet. 
Analytical data taken from Background Concentrations of Organics in Soil (Atlantic, April 1995b). 
Analytical data for surface and subsurface soil samples. 
Published data by USGS for the Eastern United States for soils from approximately 20 cm depth 
(Shacklette and Boerngen, 1984). 
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TABLE 4-3 

SUMMARY OF MANGANESE CONCENTRATIONS - GROUNDWATER(” 
NSB-NLON, GROTON, CONNECTICUT 

Site/Area 

Off site Wells(4*5) 

Shallow WelIsP kg/L) 

Unfiltered Filtered 

-- -- 

Deep Wells”) kg/L) 

Unfiltered Filtered 

0.7 U@) - 2130 -_ 

CBU Drum Storage Area 409- 527 I 406 - 520 I -- I -- I 

Area A Landfill I 126 -2570 I 9.1 - 1920 57.5 -1360 12.1 -1350 

Area A Wetland I 648 - 9270 I 664 - 9360 I 2.3 - 7160 I 6.8 - 7090 I 
Area A Weapons Center 2800-6500 1 2820-6540 1 56-405 I 31.1 - 267 I 
Downstream Watercourses I 5.6 - 6710 I 6.5 - 6620 I 44.2 - 7090 11.1 -7830 

Rubble Fill at Bunker A88 3.1 - 80.1 3.2 - 12.7 33.4 9.3 

DRMOt7’ 14.3 - 1010 1.2 - 1130 84.5-1440 18.7 - 1460 

Torpedo Shops I 8.3 - 1760 I 1.8 - 1780 I 22.7 - 7830 12.2 -3530 

Goss Cove Landfill I 53.8 - 2900 I 47.6 - 2210 I 125 - 3250 1 24.9-3380 1 

Lower Subase 3.4 - 2290 0.8 - 1930 __ _- 

OBDANE(‘) 458 - 770 476 - 779 -- =d 

SPASDA(‘) 27.4 -3080 26.9 - 3080 1020 -1040 991 - 1040 

1 

2 
3 
4 

5 

Range includes analytical results for groundwater samples taken during Phase I RI and Phase II 
RI, if available. 
Shallow Wells are generally completed/screened in overburden. 
Deep Wells are generally completed/screened in bedrock. 
Analytical data taken from Off-site Residential Well Water Data Evaluation Report (Atlantic, July 
1994d). 
Completion depths of some offsite wells are unknown, therefore it was assumed that they were all 
completed in bedrock. 
U indicates not detected; less than detection limit. 
DRMO - Defense Reutilization and Marketing Office. 
OBDANE - Overbank Disposal Area - Northeast. 
SPASDA - Spent Acid Storage and Disposal Area. 
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TABLE 4-4 

SLUG TEST RESULTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Well - Test Type 

BUNKER A-86 

4MW2S - Rising Head 

4MW2S - Falling Head 

4MW2S - Meant2) (Rising and Falling Head) 

3.52 - 1.24E-3 

3.17 - l.l2E-3 

3.35 - l.l8E-3 

DEFENSE REUTILIZATION AND MARKETING OFFICE 

6MW7S - Rising Head 1.92 - 6.77E-4 

6MW3D - Rising Head 20.3 - 7.16E-3 

GOSS COVE 

8MW2S - Rising Head 3.93 - 1.39E-3 

I 8MW2D - Rising Head 1 0.38 - 1.34E4 -1 
8MW2D - Falling Head 

8MW2D - Mean (Rising and Falling Head) 

0.44 - 1.55E-4 

0.41 - 1.45E-4 

SPENT ACID STORAGE AND DISPOSAL AREA 

15MWlS - Rising Head 6.64 - 2.34E-3 

15MW3S - Rising Head 0.07 - 2.47E-5 

15MWl S/3S - Geometric MeanC3) 0.68 - 2.4E-4 

1 Hydraulic conductivities determined from slug test data using the 
Bouwer and Rice Method (Bouwer and Rice, 1976). 

2 Arithmetic mean. 
3 The geometric mean was calculated as the square root of the product 

of the results for wells 15MWlS and 15MW3-S. 
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TABLE 4-5 

2LPWlS PUMPING TEST RESULTS”’ 
NSB-NLON, GROTON, CONNECTICUT 

I Late I 46.6 - I 0.24 1 2.1 I 4.6 I 

1 Calculated using Neuman’s method for unconfined aquifers (Neuman, 1975). Calculations are 
included in Appendix C.2. 

2 r is the distance from the pumping well to the observation well. 
3 T is the transmissivii. 
4 Ss is the specific storage for the early data. 
5 Sy is the specific yield for the late data. 
6 Kh is the horizontal hydraulic conductivity. 
7 Kz is the vertical hydraulic conductivity. 
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TABLE 4-6 

COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or Reference March 30, 1994 August 23-24, 1994 November 20, 1995 

Staff Elevation 
Gauge (ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
(ft) (ft msl) (ft) (ft msl) (ft) (ft msl) 

PHASE I AND II RI MONITORING WELLS 

% 
2DMW16S 37.85 2.31 35.54 3.40 34.45 2.33 35.52 

PDMWl6D 37.69 2.13 35.56 3.35 34.34 2.35 35.34 

2DMW23D 81.82 17.27 64.55 21.25 60.57 19.02 62.80 

2DMW24S 36.29 2.13 34.16 3.46 32.83 2.26 34.03 

2DMW24D 34.54 2.55 31.99 3.06 31.48 2.87 31.67 

2DMW25S 34.98 5.65 29.33 7.14 27.84 7.05 27.93 

2DMW25D 33.46 5.00 28.46 7.27 26.19 6.85 26.61 

2DMW26S 28.70 4.76 23.94 5.58 23.12 5.76 22.94 

2DMW26D 29.19 8.77 20.42 9.88 19.31 9.52 19.67 

2DMW27S 28.17 9.63 18.54 12.00 16.17 WD(‘) WD 

2DMW27D 27.95 17.26 10.69 13.05 14.90 11.73 16.22 
? 
0 2DMW28S 35.26 17.02 18.24 18.45 16.81 17.68 17.58 
6 
u) 2DMW28D 35.40 15.31 20.09 16.47 18.93 15.99 19.41 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or 
Staff 

Gauge 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
vu (ft msl) (3 (ft msl) (ft) (ft msl) 

1 2DMW29S 1 36.68 1 8.13 I 10.11 I 26.57 I 
2DMW30S 33.11 6.42 26.69 6.95 26.16 6.85 26.26 

2LMW7S 84.37 8.71 75.66 11.21 73.16 9.90 74.47 

2LMW7D 85.16 4.87 80.29 8.69 76.47 5.50 79.66 

2LMW8S 87.45 0.13 87.32 7.00 80.45 0.98 86.47 

2LMW8D 89.33 0.00 89.33 1.99 87.34 -1.18(l) 90.51 

2LMW9S 86.96 8.43 78.53 211.96 75.00 9.67 77.29 

2LMW9D 87.11 26.07 61.04 30.03 57.08 27.32 59.79 

2LMW13S 88.53 12.96 75.57 16.13 72.40 13.76 74.77 

2LMWl7D 82.37 0.00 82.37 1.05 81.32 -0.51(‘) 82.88 

2LMW18S 77.60 4.95 72.65 6.37 71.23 5.84 71.76 

1 2LMWl8D 1 77.34 1 5.68 I 71.66 I 9.32 I 68.02 I 7.49 I 69.85 I 
1 2LMW19S 1 93.50 1 15.88 I 77.62 I 12.56 I 

I I 

2LMWl9D 1 93.90 8.78 85.12 16.03 77.87 12.22 I 81.68 
I 

2LMW20S 87.35 14.37 72.98 16.07 71.28 15.46 71.89 n,= z 

2LMW20D 87.55 7.79 79.76 10.35 77.20 9.65 77.90 a2 
=rG 

2LOWl s 88.40 9.79 78.61 11.27 77.13 10.27 78.13 45 

89.26(2’ 
8= 

2LOWl D 5.89 83.54 9.85 79.58 6.43 82.83 -Jd 
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TABLE 4-6 (Continued) 

2 COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

% 
cn 

Well or 
Staff 

Gauge 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
(ft) (ft msl) vu (ft msl) (fi) (ft msl) 

2LOW2S I 89.09 I I 11.42 I 
I I I I 

2LOW3S 1 87.4712) 1 9.43 I 78.09 11.95 75.57 I 11.86 I 75.61 

2LOW4S 89.36 9.33 80.03 10.57 78.79 9.57 79.79 

2LPWl s 89.07 10.52 78.55 11.97 77.10 11.26 77.81 

2WCMWl S 83.92 10.61 73.31 12.82 71.10 10.81 73.11 

2WCMW2S 86.16 2.45 83.71 6.04 80.12 3.64 82.52 

2WCMW3S 85.95 8.51 77.44 10.79 75.16 9.19 76.76 

2WMWl D 127.58 UL@’ UL UL UL UL UL 

2WMW2D r 1 1o.22 1 UL I UL I 30.26 I 79.96 ~ I ~~~~ ~~~ 27.81 -I-- 82.41 

2WMW3S 81.04 6.57 74.47 6.83 74.21 7.31 73.73 

2WMW3D 81.36 4.82 76.54 6.13 75.23 5.41 75.95 

2WMW4D 92.69 7.05 85.64 9.57 83.12 7.38 85.31 

2WMW5S 76.48 2.96 73.52 3.95 72.53 4.08 72.40 

2WMW5D 75.96 1.71 74.25 3.28 72.68 2.85 73.11 

2WMW6S 84.67 7.14 77.53 DRY(‘) DRY 9.97 74.70 

2WMW6D 84.87 8.39 76.48 15.37 69.50 11.41 73.46 

2WMW2lS 76.47 4.08 72.39 4.15 72.32 4.73 71.74 

2WMW2lD 74.79 2.35 72.44 3.07 71.72 3.61 71.18 

2WMW22D 121.62 17.09 104.53 24.64 96.98 19.49 102.13 

3MW12D 42.20 0.00 42.20 0.52 41.68 5.00 37.20 

3MWl2S r -7 43.51 2.52 I 40.99 I 2.62 I 40.89 I 2.46 I 41.05 ~~~~~~ I 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or 
Staff 

Gauge 

4MWl S 

4MW2S 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
(ft) (ft msl) (fv (fl msl) (ft) (ft msl) 

129.51 NAtlO) NA 6.36 123.15 6.60 122.91 

98.79 1.95 96.84 5.12 93.67 3.30 95.49 

4MW3S 103.49 3.39 100.10 6.15 97.34 98.50 

4MW4S 110.33 0.57 109.76 0.40 109.93 111.60 
I I 1 I I I I 

4MW4D 109.74 I 0.00 I 109.74 0.00 109.74 I -2.19(l) I 111.93 

6MWl s I 8.63 I 7.02 I 1.61 I 6.23 I 2.40 I 4.92 I 3.71 I 
6MW2S I 7.30 I 5.79 I 1.51 I ~ -7 --it.39 4.91 I 3.69 

~ ~[~ ~~~3.61 I 

6MW2D 7.85 4.90 2.95 5.05 2.80 4.52 3.33 

6MW3S 6.10 4.45 1.65 3.62 2.48 1.49 4.61 

6MW3D 4.78 4.15 0.63 1.88 2.90 1.65 3.13 

6MW5S 13.88 10.45 3.43 10.84 3.04 10.97 2.91 

6MW5D 13.93 10.39 3.54 10.93 3.00 10.94 2.99 

SMWSS 12.16 8.43 3.73 8.90 3.26 8.30 3.86 

6MW6D 10.02 8.70 1.32 9.15 0.87 8.63 1.39 

6MW7S 5.49 3.86 1.63 3.70 1.79 2.20 3.29 

6MW8S 5.44 2.45 2.99 2.45 2.99 2.90 2.54 

7MWl D 54.08 8.36 45.72 9.24 44.84 9.35 44.73 

7MW2S 50.41 NA NA 8.24 42.17 6.21 44.20 

7MW2D 43.02 3.45 39.57 4.51 38.51 4.06 38.96 

7MW3S 45.71 5.24 40.47 5.48 40.23 6.07 39.64 

7MW3D 46.67 7.50 39.17 8.35 38.32 8.16 38.51 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or I Reference I March 30, 1994 August 23-24, 1994 November 20, 1995 
Staff 

Gauge 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
(ft) (ft msl) m (ft msl) (fo (ft msl) 

7MW4S 46.84 1.83 45.01 2.23 44.61 2.25 44.59 

7MW5S 56.62 11.73 44.89 12.07 44.55 12.09 44.53 

7MW5D I 56.57 I 35.39 I 21.18 I 17.27 I 39.30 I 12.17 I 44.40 l 
7MW6S 46.64 3.66 42.99 3.77 42.88 4.07 42.57 

7MW7S 46.57 1.64 44.93 2.02 44.55 2.02 44.55 

7MW8S 42.10 2.69 39.41 4.07 38.03 3.89 38.21 

7MW9S 37.91 3.45 34.46 6.09 31.82 4.66 33.25 

7MWl OS 43.42 10.31 33.11 12.63 30.79 11.39 32.03 

7MWll S 46.49 3.58 42.91 3.77 42.72 3.91 42.58 

8MWl 10.15 8.69 1.46 9.80 0.35 6.02 4.13 

8MW2S 9.43 6.59 2.84 6.65 2.78 6.09 3.34 

8MW2D 9.77 7.09 2.68 7.48 2.29 5.00 4.77 

8MW3 I 8.96 5.70 3.26 5.92 3.04 5.83 3.13 

8MW4 I 9.34 5.77 3.57 6.09 3.25 6.20 3.14 

8MW5S I 10.94 I 9.94 I 1 .oo I 9.86 I 1.08 I 6.73 I 4.21 ~~ I 

8MW6S 9.66 6.19 3.47 6.45 3.21 6.46 3.20 

8MW6D 9.62 6.36 3.26 7.11 2.51 4.75 4.87 

8MW7S 10.45 6.33 4.12 6.75 3.70 7.02 3.43 

8MW8S 19.68 14.14 5.54 15.55 4.13 15.33 4.35 

8MW8D 19.53 15.51 4.02 16.48 3.05 15.22 4.31 

13MWl 13.36 9.50 3.86 10.21 3.15 10.05 3.31 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or 
Staff 

Gauge 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Ekvatlon 
m (ft msl) w (ft msl) (fi) (ft msl) 

13MW2 12.80 8.92 3.88 9.64 3.16 9.44 3.36 

13MW3 12.89 9.03 3.86 9.79 3.10 9.57 3.32 

13MW5 I 11.13 I UL I UL I UL I UL I -uL I UL 

13MW6 I 21.47 I 18.54 I 2.93 I 18.66 I 2.81 I 18.45 I 3.02 

13MW8 I 7.34 I 4.43 ~-7 2.91 I-- ~~~~ ~~ 5.72 1 1.62 1 5.73 I-- ~~ 1.61 

13MW9 6.91 4.00 2.91 3.52 3.39 5.97 0.94 

13MWlO 8.44 5.93 2.51 5.95 2.49 5.82 2.62 

13MWll 7.83 5.42 2.41 4.90 2.93 5.18 2.65 

13MWl2 9.21 5.93 3.28 6.16 3.05 6.23 2.98 

13MWl3 8.50 5.22 3.28 5.40 3.10 5.39 3.11 

13MWl4 7.98 4.98 3.00 5.52 2.46 6.18 1.80 

13MWl5 7.25 4.55 2.70 4.75 2.50 6.23 1.02 

13MWl6 7.30 4.60 2.70 4.71 2.59 6.19 1.11 

13MWl7 7.47 4.75 2.72 5.77 1.70 6.12 1.35 

13MWl8 12.12 8.18 3.94 8.94 3.18 NA NA 

13MWl9 8.05 4.15 3.90 4.71 3.34 4.34 3.71 

13MW20 10.45 6.55 3.90 7.31 3.14 7.10 3.35 

13MW21 8.70 4.85 3.85 5.50 3.20 5.22 3.48 

14MWlS 51.44 2.83 48.61 4.99 46.45 3.48 47.96 

15MWlS 28.08 2.46 25.62 6.69 21.39 6.92 21.16 

15MWlD 28.05 6.18 21.87 
1 

9.51 
I 18.54 I 

9.40 18.65 

c, 
” \ 
II c Ill 
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TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or Reference March 30, 1994 August 23-24, 1994 November 20, 1995 

Staff Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
Gauge (ft msl) 

(ft) (ft msl) (ft) (ft msl) m (ft msl) 

I 15MW2S I 28.90 I 3.00 I 25.90 I 7.27 I 21.63 I 7.65 I 21.25 

15MW3S 26.26 NA NA 5.23 21.03 5.34 20.92 

15MW4S 26.24 1.10 25.14 4.68 21.56 5.13 21.11 

19MW2 6.98 UL UL 4.05 2.93 4.80 2.18 

19MW3 6.89 UL UL UL UL 4.22 2.67 

19MW4 7.09 UL UL 4.05 3.04 UL UL 

20MW2 7.74 UL UL 4.84 2.90 5.27 2.47 

20MW3 6.66 UL UL 4.19 2.47 4.46 2.20 

20MW4 8.09 UL UL 5.10 2.99 5.17 2.92 

20MW5 6.46 UL UL 3.50 2.96 3.32 3.14 

20MW6 10.02 UL UL 6.83 3.19 6.53 3.49 

20MW7 5.96 UL UL 2.75 3.21 2.86 3.10 

FFS WELLS AND PIEZOMETERS 

I2LMW28F 1 87.43 I NI(11) NI NI NI 10.92 76.51 

1 2LMW28DS 1 87.41 1 NI I NI I NI I NI I 18.17 I 69.24 I 

? 
0 

ii 

2LMW29F 90.30 NI NI NI NI 8.55 81.75 

2LMW29DS 90.96 NI NI NI NI 7.80 83.16 

2LMW30F 80.79 NI NI NI NI 9.23 71.56 

2LMW30DS 80.32 NI NI NI NI 18.19(3) 62.13(3’ 

2LMW31 F 86.64 NI NI NI NI 2.81 83.83 

2LMW31 DS 88.16 NI NI NI NI 2.01 86.15 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or I Reference I March 30, 1994 August 23-24, 1994 November 20, 1995 
Staff Elevation 

Gauge (ft msl) 
Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 

(fl) (ff msl) (ft) (ft msl) (W (ft msl) 

2LMW32PZ 82.11 NI NI NI NI 10.49 71.62 

2LMW32F 82.95 NI NI NI NI 11.29 71.66 

2LMW32DS 82.69 NI NI NI NI 11.10 71.59 

2LMW32B 82.74 NI NI NI NI 8.66 74.08 

2LMW33F 82.86 NI NI NI NI DRY DRY 

2LMW33DS 82.87 NI NI NI NI 12.58 70.29 

2LMW34DS 77.05 NI NI NI NI 19.20 57.85 

2LMW35B 199.14 NI NI NI NI 17.47 181.67 

2LMW36B 213.04 NI NI NI NI 12.85 200.19 

2LPZl DS 74.23 NI NI NI NI 4.34 69.89 

2LPZ2DS 76.74 NI NI NI NI 5.23 71.51 

2LPZ3DS 73.98 NI NI NI NI 2.41 71.57 

2LPZ4DS 74.29 NI Nl NI NI 2.72 71.57 

2LPZ5DS 75.08 NI NI NI NI 3.50 71.58 

2LPZGDS I 74.83 I NI I NI -1 NI- I-Nl I 3.27 I 71.56 7 
2LPZ7DS 78.78 NI NI NI NI 5.51 73.27 

2LPZl F 79.30 NI NI NI NI 7.74 71.56 

2LPZ2F 91.10 NI NI NI 
I NI 4.24 86.66 

I 

c; II I, (I II 
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TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation Elevation Elevation Elevation 
(fl msl) 

Depth to Water Depth to Water Depth to Water 
(ft) (ft msl) w (fl msl) w (ft msl) 

PRE-RI/RES DENTIAL WELLS 

21.90 3.62 18.28 4.25 17.65 WD WD 

21.89 WF(‘2) WF WF WF WF WF 

8.22 5.99 2.23 6.42 1.80 5.96 2.26 

8.67 6.22 2.45 6.14 2.53 5.97 2.70 

8.10 6.21 1.89 6.20 1.90 NA NA 

8.78 5.30 3.48 5.45 3.33 5.39 3.39 

25.15 5.47 19.68 6.85 18.30 NA NA 
I I I I I 

67.62 1 NM(‘3’ NM NM I NM I 9.61 58.01 osw2 

t-- osw3 
I I I I I I 

47.08 1 NM NM NM NM I 21.61 I 25.47 

I osw5 55.80 1 

82.43 NM NM NM NM 4.85 77.58 

78.63 I 
OSWI 0 

t- OSWll 

12.96 NM NM NM NM 10.81 2.15 

23.15 NM NM NM NM 0.92 22.23 

I osw12 ~ 139.63 I I 131.79 I 20.09 1 119.54 I 18.96 I 120.67 
L I I I I I I 

53.52 1 NM I NM NM I NM 14.78 38.74 

~ 140.11 1 

~ 25.11 3.81 21.30 7.33 17.78 WD WD 

~ 25.71 3.15 22.56 7.94 17.77 WD WD 

I OT-MWO3 ~ 25.35 1 7.58 I 17.77 I 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or I Reference I March 30, 1994 August 23-24, 1994 November 20, 1995 
Staff 

Gauge 
Elevation 
(ft msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
m (ft msl) (fi) (fl msl) (ft) (ft msl) 

OT-MW04 25.97 4.26 21.71 8.20 17.77 WD WD 

WE-l 9.42 6.14 3.28 6.31 3.11 6.33 3.09 

WE-4 8.61 5.53 3.08 WF WF 5.59 3.02 

WE-5 8.25 5.71 2.54 5.29 2.96 5.72 2.53 

STAFF GAUGES 

SG-1 I 8.84 6.51 I 2.33 I 7.35t4' I 1.49 I 5.52 I 3.32 I 
SG-2 7.20 4.62 2.58 5.44 1.76 --- ___ 

SG-3 26.58@' 4.90 21.68 DRY DRY WD WD 

SG-4 32.10 5.22 26.88 4.13 27.97 5.05 27.05 

SG-5 41.42 2.35 39.07 2.57 38.85 2.66 38.76 

SG-6 I 85.29 1 14.81 I 70.48 I 15.45 --r 69.84 I 14.95 ~ I 70.34 I 
75.78 I 

SG-8 I 77.16 I NI I NI 7 NI- n m~mI~ DRY- I--DRY 1 

SG-9 75.37 NI I Nl NI NI 4.26 71.11 

SG-10 75.11 NI NI NI NI 3.58 71.53 

SG-11 74.73 NI NI NI NI 3.29 71.44 

SG-12 74.51 NI NI NI NI 2.91 71.60 

SG-13 75.07 NI NI NI NI 3.45 71.62 

SG-14 77.66 NI NI NI NI DRY DRY 

( III 6, II c III 
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TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or Reference March 30, 1994 August 23-24, 1994 November 20, 1995 

Staff Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
Gauge (ft msi) 

(ft) (ft msl) (fi) (ft msl) (fi) (ft msi) 

TANK FARM/BALLFiELD RI WELLS 



TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

Well or 
Staff 

Gauge 

Reference March 30, 1994 August 23-24, 1994 November 20, 1995 
Elevation 
(fl msl) 

Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation 
m (ft msl) (fv (ft msl) (tt) (ft msi) 

HNUS-13 23.32 NI NI NI NI 4.68 18.64 

HNUS-14 20.57 NI NI NI NI 4.83 15.74 

HNUS-15 I 20.74 I NI 1 NI 1 -~NI 1 NI-- 1 5.10 I 15.64 

HNUS-16 18.70 NI NI NI NI 4.70 14.00 

HNUS-17 19.69 NI NI NI NI 3.73 15.96 

HNUS-18 19.84 NI NI NI Ni 4.57 15.27 

HNUS-20 20.21 NI NI NI NI 7.22 12.99 

HNUS-21 19.95 NI NI NI Nl 7.09 12.86 

HNUS-22 25.31 NI NI NI NI 11.90 13.41 

HNUS-23 18.03 NI NI NI Nl 6.50 11.53 

HNUS-24 24.72 NI NI NI NI 10.74 13.98 

MW-7 19.12 NI NI NI NI 5.51@’ 13.61 

MW-11 25.23 NI NI NI NI 5.00 20.23 

1 Flowing Artesian well. Water level above ground surface. Negative depth to water number indicates water level height above top of well casing. 
2 Well reconstructed prior to November 1995 round of water levels. Previous reference elevations were 89.43’ (2LOWl D) and 87.52’ (2LoW3S). 
3 Well had not recovered from purging at time of measurement. 
4 Elevation during August measurement round to sediment bed (low tide). 
5 This staff gauge is installed in a concrete tank at site OT-5. This site is not part of the Phase I and Phase II RI but was used as a measuring 

point to support the basewide water level measurement program. 
6 Product in well. 
7 WD - Well destroyed. Water level measurements could not be obtained. 

? 
0 

8 UL - Unable to l&ate. ZL 

6 
9 DRY - Well was dry. sg 

10 NA - Not accessible. $4 
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TABLE 4-6 (Continued) 
COMPREHENSIVE WATER LEVEL MEASUREMENTS 
NSB-NLON, GROTON, CONNECTICUT 

11 NI - Not installed on date of measurement. 
13 NM - Not measured. 
12 WF - Well filled with soil (MW-6 and WE-4). 

Note: Water Levels could not be obtained from the following offsite wells during the November 1995 sampling round: 
OSW28 and OSW29 - Destroyed 
OSW6 - Nailed Shut 
OSW21, OSW22, and OSW25-Buried 
OSW32 - Owner not home 

Wells 6MW4S, 13MW4, 13MW7, OSW28, OSW29, and WE4A were destroyed prior to the March 30, 1994 round of water levels, and are 
therefore not included on this table. 
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TABLE 4-7 

COMPARISON OF HYDRAULIC GRADIENTS IN BEDROCK 
NSB-NLON, GROTON, CONNECTICUT 

Well Transect 

I Watercourses (Golf Course) 

1 Calculated using August 23-24, 1994 water levels. 

TABLE 4-8 

COMPARISON OF HYDRAULIC GRADIENTS IN OVERBURDEN 
NSB-NLON, GROTON, CONNECTICUT 

Location Well Transect Distance 
vu 

Hydraulic”) 
Gradient 

Area A Weapons Center 12WCMW2S/2WCMW3S 1 345 I 0.014 I 

Area A Weapons Center 12WCMW2S/2WCMWlS 1 540 I 0.017 I 

Area A Downstream 
Watercourses (Golf Course) 

2DMW25S/2DMW28S 420 0.026 

Area A Downstream 2DMWzS/l9MW4 405 0.032 
Watercourses/Lower Subase 

1 Calculated using August 23-24, 1994 water levels. 
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JELL CLUSTER 

PDMW16S/D 

2DMW24SlD 

2DMW25SiD 

2DMW26StD 

2DMW27StD 

2DMW28SID 

2utw7sm 

2LMw8sm 

2LMw9sm 

TABLE 4-9 

VERTICAL GRADIENTS AT SELECT WELL CLUSTER LOCATIONS 
NSB-NLON, GROTON, CONNECTICUT 

HEAD 
ELNATION DIFFERENCE 

DIFFERENCE BETWEEN 
BETWEEN WATER LEVEL 

MONITORED ELEVATIONS 
LOCATION INTERVALS (X) WI 
lzknvTstream 31.96 (0.02) 

Watercourses 
Adjacent to Stream 1 

I I 
Downstream 1 26.16 2.17 

Watercoumes 
Adjacent to North I I 

Lake I 
Downstream 1 21 02 0 a7 

Course I 
Downstream I 98 22 (1 85) 

Watercourses on Goif 
course 

Downstream 
Watercourses on Gotf 

Course 
Central Portion of 

Landfill Near Wetland 

61 43 7 85 

21.59 (4.63) 

Central Portion of 
Landfill Near CBU 

Drum Storage Area 
and Bedrock High 

74.25 (2.01) 

I I 
Western Edge of 1 40.03 17.49 

2LMWl3SID 

2~~w17sm 

Landfill Near Dike 
Western Edge of 
Landfill Near Dike 
Central Portion of 

Landfill in Deployed 

30.9 (9.95) 

1766 (6 30) 

I Parking I I 

IARCH 30,1994 I AUGUST 29.241994 

I HEAD I I 

VERTICAL GRADIENT 

+ 

RADIENT (YllX) DIRECTION 

(0.00063) UPWARD 

DIFFERENCE 
BETWEEN 

WATER LEVEL 
ELEVATIONS VERTICAL 

+ 

(vz) GRADIENT (YUX 

0.11 0.00344 

GRADIENT 
DIRECTION 

DOWNWARD 

0 08295 DOWNWARD 1.35 0.05161 DOWNWARD 

0 04139 WWNWARD 1 65 0.07850 DOWNWARD 

0 16357 DOWNWARD 3 81 0 17704 DOWNWARD 

(0 01884) UPWARD (2.12) (0 02158) UPWARD 

0 12779 DOWNWARD 1 27 0.02067 DOWNWARD 

(0.21445) UPWARD (3.31) (0.15331) UPWARD 

(0.02707) UPWARD _I* 

0.43692 DOWNWARD 

(0.32195) UPWARD 

(0.35674) UPWARD 

DOWNWARD 

UPWARD 

UPWARD 

I I I I 

NOVEMBER 20,19% 

z&J-l-- 

I 
3.27 0.15195 WWNWARD 

(1.83) (0.01863) UPWARD 

WD WD WD 

(5.19) (0.24039) UPWARD 

vo*J 



TABLE 4-9 

VERTICAL GRADIENTS AT SELECT WELL CLUSTER LOCATIONS 
NSB-NLON, GROTON, CONNECTICUT 

MARCH 30.1994 

HEAD 
DIFFERENCE 

BETWEEN 
WATER LEVEL 
ELEVATIONS 

VI) 
0.99 

HEAD 
DIFFERENCE 

BETWEEN 
WATER LEVEL 
ELEVATIONS 

I-) 
3.21 

VERTICAL 
3RADIENT (YUX 

0.09294 

Goss Cove Landfill 
Near Thames River 

I I 

(0 36) 

(6 76) 

(0 73) 
1 05 

2.41 

23.71 

0 16 

(0 07751) UPWARD 

0 00077 DOWNWARD 

(0 01985) UPWARD 

0 01427 DOWNWARD 

(0.00549) UPWARD 

0.10046 DOWNWARD 

(0.25) 

(5.92) 

(0 15) 
DRY 

(0 41) 

(0.42) 

0.04 

(0.00466) 

(0.09427) 

(0 01051) 
DRY 

(0.05061) 

0.00730 

(0.00565) 

(0.00571) 

0.00200 

0.09962 

0.20916 

0.01024 

GRADIENT 
DIRECTION 

DOWKWARD 

UPWARD 

UFWARD 

UPWARD 
DRY 

UPWARD 

DOWNWARD 

UPWARD 

UPWARD 

DOWNWARD 

DOWNWARD 

DOWNWARD 

DOWNWARD 

I 

HEAD 
DIFFERENCE 

BETWEEN 
WATER LEVEL 
ELEVATIONS 

(Y3) 
1.91 

(0.74) 

(6.01) 

(0.71) 
1 24 

3.05 

(0.33) 

0.26 

2.47 

ZJVEMBER 20,1995 
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TABLE 4-9 

e 
VERTICAL GRADIENTS AT SELECT WELL CLUSTER LOCATIONS 

s NSB-NLON, GROTON, CONNECTICUT 

I I I MARCH 30,1994 

HEAD I 
ELEVATION DIFFERENCE 

DIFFERENCE BETWEEN 
BETWEEN WATER LEVEL 

MONITORED ELEVATIONS VERTICAL 
LOCATION 1 INTERVALS (X) 1 cv1) IGRADIENT (VI/X 

6MW6S/D 1 South Portion of Goss1 56.20 I 0.21 1 0.00374 
1 Cove Landfill Near 1 I I 

8MW8Srn 

Museum 

Upgradient of Goss 
Cove Landfill Near 
Bedrock Outcrop 

51.18 1 52 0.02970 DOWNWARD 

15Mwism Spent Acid Storage 

and Disposal Area 
31 10 3 75 0 12056 DOWNWARD 

WD - Well destroyed 
? DRY -Well was dry 
% NA - Not accesstble 

GRADIENT 
DIRECTION 

DOWNWARD 

HEAD 
DIFFERENCE 

BETWEEN 
WATER LEVEL 
ELEVATIONS 

w4 
0.70 

1 06 

2.65 

JOUST 29-24,1994 I NOVEMBER 20,19% 

I HEAD I I 

I I DIFFERENCE 
BETWEEN I 

WATER LEVEL 
VERTICAL GRADIENT ELEVATIONS VERTICAL GRADIENT 

GRADIENT (Y2/X) DIRECTION (v3) GRADIENT (Y9JX) DIRECTION 

0.01246 WWNWARD (1.67) (0.02972) UPWARD 

? 
0 

iii 



TABLE 4-10’ 

MONTHLY WATER LEVELS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Well Nunber 
Refrrmco 
Elevation 

(feat me9 

March 30, 1994 

Day 99 

olw 
Water 

Elevation 

May 3, 1894 

Day 123 

Water 
DTW 

Elevation 

May 26, 199414 Juna 29, 1994 July 26, 1994 August 23-24, 1994O’ 

Dey 146 Day 190 Day 207 Day 235 

Watar Water Water Water 
olw 

Elavation 
olw 

Elevation 
Dlw 

Elavation 
DTW 

Elavation 

2DMW16S 37.85 2.31 35.54 6.51 31.34 4.27 33.58 5.02 32.83 5.64 32.21 3.40 34.45 
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TABLE 410 (Continued) 
MONTHLY WATER LEVELS”’ 
NSB-NLON, GROTON, CONNECTICUT 

March 30, 1994 May 3. 1994 May 26, 19941° Juno 29.1994 July 26, 1994 Augwt 23.24, lWm 

Rsfsrrnce Well Nmber Elevation Day I39 Day 123 Day 146 Day 190 Day 207 Day 235 
I I 

8MW8S 9.66 6.19 3.47 7.13 2.53 6.52 3.14 6.88 2.78 6.85 2.81 6.45 3.21 

8MW6D 9.62 6.36 3.26 7.07 2.55 5.52 4.10 8.00 1.62 5.85 3.77 7.11 2.51 

8MW8S 14.14 5.54 15.43 4.25 15.68 4.10 15.30 4.38 15.25 19.68 4.43 15.55 4.13 

8MW8D 19.53 15.51 4.02 16.48 3.05 15.78 3.75 16.92 2.61 15.95 3.58 16.48 3.05 

15MW3S 26.26 NA NA 3.13 23.13 3.46 22.80 4.42 21.84 5.50 20.76 5.23 21.03 

ERM-4 21.90 3.62 18.28 4.37 17.53 4.05 17.85 4.54 17.36 4.81 17.09 4.25 17.65 

OBG-7 25.15 5.47 19.68 5.91 19.24 6.00 19.15 6.42 18.73 6.66 18.49 6.85 18.30 

13MWl 13.36 9.50 3.86 10.08 3.28 10.15 3.21 10.42 2.94 10.55 2.81 10.21 3.15 

13MW8 7.34 4.43 2.91 5.87 1.47 3.96 3.38 5.83 1.51 3.89 3.45 5.72 1.62 

13MW18 12.12 8.18 3.94 8.76 3.36 8.73 3.39 9.14 2.98 9.20 2.92 8.94 3.18 

6MW3S 6.10 4.45 1.65 4.87 1.23 3.96 2.14 4.86 1.24 2.45 3.65 3.62 2.48 

6MW3D 4.78 4.15 0.63 5.28 IBI NA NA 2.74 NA 1.90 NA 1.88 NA 

6MW5S 13.88 10.45 3.43 11.82 2.26 11.00 2.88 11.51 2.37 11.54 2.34 10.84 3.04 

6MW5D 13.93 10.39 3.54 11.62 2.31 11.00 2.93 11.53 2.40 11.55 2.38 10.93 3.00 

6MW6S 12.16 8.43 3.73 9.07 3.09 8.75 3.41 9.17 2.99 9.02 3.14 8.90 3.26 

6MW6D 10.02 8.70 1.32 9.35 0.67 9.00 1.02 9.50 0.52 9.38 0.64 9.15 0.87 

2LMW18S 77.60 4.95 72.65 5.86 71.74 5.97 71.63 6.52 71.08 7.00 70.60 6.37 71.23 

2LMW18D 77.34 5.68 71.66 6.93 70.41 7.71 69.63 11.13 66.21 12.34 65.00 9.32 68.02 

s 
2LMWlQS 93.50 8.76 84.74 14.91 78.59 16.74 78.76 18.91 74.59 19.28 74.22 15.88 77.62 al= 
2LMWlQD 93.90 8.78 85.12 14.88 79.02 16.86 77.04 19.14 74.76 19.47 74.43 16.03 77.87 a2 

q 
2LMW2O.S 87.35 14.37 72.98 14.74 72.61 14.98 72.37 15.81 71.74 15.92 71.43 16.07 71.28 

2LMW20D 87.55 7.79 79.76 10.42 77.13 11.15 76.40 12.92 74.63 13.41 74.14 10.35 77.20 
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x TABLE 4-10 (Continued) 
MONTHLY WATER LEVELS”’ s L. 0 NSB-NLON, GROTON, CONNECTICUT 
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TABLE 4-10 (Continued) 
MONTHLY WATER LEVELS”’ 
NSB-NLON, GROTON, CONNECTICUT 

P t2 2DMW27S 28.17 12.31 15.86 12.87 

2DMW27D 27.95 13.17 14.78 13.68 

PLMW7.S 84.37 11.15 73.22 11.74 

29.35 

44.84 

27.65 

24.86 

25.39 

23.27 

15.30 

14.27 

72.63 

Novanber 27, 1884 Dwvmbar 21, 1994 February 2, 1895 Fvhvry 23,1995 

Day 331 Day 355 Day 398 Day 419 
standard 
Deviation 

Water 
Elevation 

mw 
Water 

DTW 
Water 

DTW 
Watar IF4 

Elevation Elevation Elwation 
I i 

5.61 32.24 1.616 

7.80 r 27.18 1 0.925 

2LMWi'D 85.16 7.14 78.02 9.42 75.74 5.92 79.24 5.57 79.59 5.99 79.17 5.79 79.37 1.683 

2WMW22D 121.62 23.80 97.82 25.15 96.47 22.31 99.31 18.68 102.94 18.66 102.96 19.25 102.37 2.934 

42.20 0.75 41.45 0.78 41.42 0.00 42.20 2.66 39.54 0.46 41.74 0.57 41.63 0.248 
I I I I 

3MW12S 43.51 3.26 40.25 2.85 40.66 2.59 40.92 0.43 43.08 2.68 40.93 2.56 40.95 0.392 

7MW3S 45.71 8.63 37.08 6.95 38.76 6.25 39.46 6.06 39.65 6.22 39.49 8.00 39.71 0.915 

7MW3D 46.67 6.14 40.53 9.70 36.97 8.54 38.13 8.43 38.24 8.61 38.06 8.52 38.15 1.070 

lQMW4 7.09 NA NA NA NA NA NA 4.58 2.51 4.43 2.66 NA NA 0.273 

SG-4 32.10 5.46 26.64 5.6215) NA NA NA 5.32 26.78 5.23 26.87 5.24 26.86 0.450 

SG-5 41.42 2.94 38.48 3.10 38.32 3.00 38.42 2.82 38.60 2.88 38.54 2.78 38.64 0.227 

SG-6 85.29 15.00 70.29 14.19 71.10 15.12 70.17 14.97 70.32 15.00 70.29 15.55 69.74 0.415 

2 8MW6S 9.66 6.73 2.93 6.97 2.69 7.30 2.36 6.85 2.81 6.96 2.70 7.01 2.65 0.308 0 

iG 8MW6D 9.62 5.69 3.93 6.34 3.28 6.68 2.94 6.50 3.12 5.60 4.02 7.57 2.05 0.798 (0 



TABLE 4-10 (Continued) 
MONTHLY WATER LEVELS”’ 
NSB-NLON, GROTON, CONNECTICUT 

Septsmber 28, 1994 Dctobar 31, 1994 November 27, 1994 Daoembrr 21, 1994 Fsbruvry 2, 1995 February 23, 1995 
Refersnoa 

Well Number Elevation Day 271 Day 304 Day 331 Day 355 Day 399 Day 419 
Standard 

. Daviation 
bet mvll DMT Water Water Watar Water Water b-t) 

Elavation 
DTW 

Elwation 
DTW 

Elwation 
DTW 

Water DTw 
Elwation Elwation 

DTW 
Elwation 

8MW8S 19.68 15.27 4.41 16.71 2.97 14.30 5.38 15.30 4.38 15.36 4.32 15.45 4.23 0.641 
I 

8MW8D 19.53 16.07 3.46 15.71 3.82 16.71 2.82 18.29 3.24 15.79 3.74 16.90 2.63 0.483 
I 

2LMWlQD 93.90 16.53 77.37 20.10 73.80 15.96 77.94 13.64 80.26 14.68 79.22 15.58 78.32 3.024 

2LMW20S 87.35 15.01 72.34 15.73 71.62 8.50 78.85 17.95 69.40 18.08 69.27 17.65 69.70 2.505 

2LMW2OD 87.55 11.13 76.42 13.49 74.06 11.12 76.43 9.93 77.62 10.61 76.94 10.65 76.90 1.600 

2WMW2D 110.22 32.92 77.30 34.41 75.81 29.90 80.32 27.00 83.22 27.04 83.18 25.66 84.56 3.481 

2WMW3S 81.04 7.64 73.40 7.91 73.13 7.71 73.33 7.65 73.39 7.66 73.38 7.60 73.44 0.768 
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6 TABLE 4-10 (Continued) 

8 MONTHLY WATER LEVELS”’ 

G NSB-NLON, GROTON, CONNECTICUT 

I I Svptanber 29, 1994 October 31. 1994 

I Refrrrncr 
Well Nunbrr Elevation 

ffwt mpn 

2WMW3D 81.36 6.68 74.68 8.34 73.02 

2WMW5S 76.48 3.98 72.50 4.67 71.81 

2WMW5D 75.96 3.25 72.71 3.97 71 .QQ 

2WMW21 S 76.47 4.41 72.06 3.85 72.62 

2WMW21 D 74.79 3.30 71.49 3.62 71.17 

osw 12 139.63 19.98 119.65 21.58 118.05 

Monthly 
Averrue 

41.18 40.97 

Novvnhar 27, 1894 Dwanbrr 21, 1994 February 2, 1995 

Day 331 Day 355 

DTW I 
Water 

Nwation 

6.81 I 74.55 

3.86 1 72.62 

3.25 1 72.71 

G--t+ 
I 

20.35 ; :‘~~ 

February 23, 1985 

Day 399 Day 419 

DTW 

5.97 

Water 
Elwation 

75.39 

Dlw 
Water 

DTW 
Water 

Efwation Elwation 

5.95 75.41 6.23 75.13 

3.58 72.90 3.64 72.84 2.63 73.85 

2.70 73.26 2.71 73.25 3.50 72.46 

4.65 71.82 4.55 71.92 4.48 71.99 

2.98 71.81 2.95 71.84 2.82 71.97 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth to water (DTW) and groundwater elevations are in feet and feet msl, respectively. 
Heavy rain May 25, 1994 (1890 to 2190 hours). 
Light rain August 22, 1994. 
Well purged days earlier, not fully recovered. 
No surface water at location, measured to channel bed. 
Stickup damaged as of 5/3/94; reference elevation unknown. 
NA - Data not available. 
Well damaged as of February 2, 1995; reference elevation unknown. 
Well obstructed due to construction, water level measurement could not be taken. 
Well has been modified to flush mount as of February 2, 1995; reference elevation unknown 

16.53 123.10 13.62 126.01 13.52 126.11 

H.17 43.41 43.75 

9tandard 
Deviation -I Fed 

1.071 

4.065 --I 
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TABLE 4-11 

SEASONAL VARIATIONS - HYDRAULIC GRADIENT OF THE NORTHERN VALLEY 
NSB-NLON, GROTON, CONNECTICUT 

Date 

Hydraulic Gradient 

2LMW19S To 2LMW7S To 2DMW24S To 
2LMW7S 2DMW24S 2DMW27S 

March 20, 1994 I 0.0052 I 0.0319 I 0.0200 

May 3, 1994 I 0.0027 I 0.0339 I 0.0178 

May26,1994 I 0.0018 1 0.0312 I 0.0219 

June29,1994 I 0.0010 I 0.0309 I 0.0220 

July 26, 1994 I 0.0012 I 0.0305 I 0.0219 

August23 & 241994 0.0025 I 0.0310 I 0.0214 

September28,1994 I 0.0022 I 0.0313 I 0.0213 

October 31,1994 I 0.0006 I 0.0346 I 0.0158 

November27,1994 I 0.0015 I 0.0348 I 0.0174 

December21,1994 I 0.0032 I 0.0340 I 0.0165 

February2, 1995 I 0.0027 I 0.0340 I 

February23,1995 I 0.0023 I 0.0338 I NA 

1 NA - Not available 

D-01-95-10 4-66 CT0 129 
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TABLE 412 

SEASONAL VARIATIONS - HYDRAULIC GRADIENT OF THE SOUTHERN VALLEY 
NSB-NLON, GROTON, CONNECTICUT 

Hydraulic Gradient 

Date 15MW3S OGB-7 ERM-4 8MW8S 
To OGB-7 To ERM-4 To 8MW8S To 8MW6S 

March 20, 1994 

May 3, 1994 

NA(‘) 

0.0078 

May 26, 1994 I 0.0073 

June 29, 1994 I 0.0062 

July 26, 1994 I 0.0045 

August 23 & 24, 1994 I 0.0055 
September 28, 1994 I 0.0055 

October 31,1994 I 0.0048 
November 27, 1994 I 0.0056 0.0018 I 0.0172 I 0.0101 I 

December 21, 1994 I 0.0073 0.0015 I 0.0195 1 0.0052 I 

February 2, 1995 I 0.0083 

February 23, 1995 I 0.0086 

0.0026 I 0.0200 I 0.0053 I 

0.0027 0.0195 0.0054 

0.0012 0.0208 0.0031 

0.0016 0.0195 0.0049 

0.0019 0.0208 0.0009 

NA I NA I 0.0054 I 

NA NA 0.0053 

1 NA - Not Available. 

. 

D-01-95-10 4-67 CT0 129 
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TABLE 4-13 

TOTAL POPULATIONS - NEIGHBORING TOWNS/COMMUNITIES 
NSB-NLON, GROTON, CONNECTlCUT 

Statistic 

Total Population 
(1980) 

Groton Led yard 

Town Neighboring Communities(Z) Town Gales 

Gro%I’l 
Ferry 

Northwest Pleasant Naval Led;ird(‘) Section of 

Valley Subase Led yard”) 

41062 5520 4374 4099 13735 7473 

Total Population 

(1 gw 
45144 NAt3) NA NA 14913 7802(4) 

Total Households NA 1391 1216 63 NA 2282 
(1980) 

Median Age 25.5 19.9 23.5 21.4 27.4 27.1 
(1980) 

1 U.S. Bureau of the Census, 1982. 1980 Census of Population, Volume 1, Characteristics of the 
Population. U.S. Government Printing Office. Washington, D.C. 

2 U.S. Bureau of the Census. 1980 Decennial Census Neiqhborhood Statistics Program, Groton 
Connecticut. 

3 NA - Not Available. 
4 Total population for 1988. 

D-01-95-10 468 CT0 129 
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TABLE 4-14 

POPULATION AGE DISTRIBUTION 
SURROUNDING COMMUNITIES “’ 

NSB-NLON, GROTON, CONNECTICUT 

Age Group 
Town of Groton Town of Ledyard 

Male Female Male Female 

I o-4 I 1885 I 1699 I 549 I 515 

5-9 1519 1532 585 555 

10 - 14 1508 1395 752 727 

15 - 19 2729 1432 742 709 

r ~~~ 20 - 24 I 4138 I 2120 I 623 I 547 

I 25 - 29 I 2700 I 2002 I 598 I 572 

I 30 - 34 I 1843 I 1534 I 611 I 635 

35 - 39 1266 1085 621 642 

40 - 44 789 804 470 457 

45 - 49 715 762 382 371 

I 50 - 54 I 814 I 845 I 346 I 324 

55 - 59 805 863 261 262 

60 - 64 631 667 179 186 

65 - 69 450 582 101 117 

70 - 74 289 428 67 86 

75 - 79 163 351 30 40 

I 80 - 84 I 142 I 254 I 16 I 28 

I 85+ I 87 I 234 I 7 I 22 

Median Age 24.3 27.6 26.8 28.1 

1 U.S. Bureau of the Census, 1982. 1980 Census of Population, Volume 1, Characteristics of the 
Population. U.S. Government Printing Office. Washington, D.C. 

D-01-95-10 4-69 CT0 129 
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TABLE 4-15 

ENDANGERED SPECIES SIGHTED IN NSB-NLON AREA 
NSB-NLON, GROTON, CONNECTICUT 

Species 

Acipenser oxyrhynchus 
(Atlantic Sturgeon) 

Zizia aptera 
(Golden Alexanders) 

Ranunculus cymbalacia 
(Seaside Crowfoot) 

Lespedeza repens 
(Creeping Bush-clover) 

Aster prenanthoides 
(Crooked-stem Aster) 

Carex crawfordii 

Status 

State Threatened 

State Endangered 

State Endangered 

State Special Concern 

State Special Concern 
Historic 

State Special Concern 
Historic 

Last Observation 

1988 

1993 

1902 

1932 

1937 

1933 

D-01-95-10 4-70 CT0 129 
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5.0 CBU DRUM STORAGE AREA - SITE 1 

This section provides a site-specific summary of various aspects of the Construction Battalion Unit (CBU) 

Drum Storage Area investigation. Section 5.1 provides a brief site description. The sampling and analysis 

program is summarized in Section 5.2. Section 5.3 discusses site physical features. The nature and extent 

of contamination is discussed in Section 5.4. Contaminant fate and transport is summarized in Section 5.5. 

Section 5.6 provides the baseline human health risk assessment, Section 5.7 provides the ecological risk 

assessment and Section 5.8 includes a comparison to state standards. Section 5.9 provides a summary 

and conclusions. 

5.1 SITE DESCRIPTION 

The CBU Drum Storage Area is an unpaved area located in the northern section of NSB-NLON adjacent to 

the deployed personnel parking lot and within the boundary of the Area A Landfill. Figure 5-1 provides the 

general arrangement of the site. The location of the CBU Drum Storage Area In relationship to other Phase 

II RI sites is shown on Drawing 1 (Volume Ill). The site is situated on a flat, open area at the base of a 

wooded hillside that slopes to the northeast toward the site at a 25 percent grade. The site is approximately 

15 feet in width by 30 feet in length. Current photographs of the site are provided in Appendix 8.3. 

Twenty-six 55-gallon drums of waste oil, lube oil, and paint materials were observed at the site during the 

1982 IAS. Some of the drums were reportedly leaking at that time. The IAS report concluded that the site 

had not been used for several years. Atlantic personnel inspected the site on October 20, 1988 and 

observed two 55-gallon drums labeled as engine oil. No surface soil staining or stressed vegetation was 

evident. The drums noted in the IAS report were reportedly removed and properly disposed by the Navy; 

the two drums observed in 1988 were subsequently removed. 

5.2 SITE INVESTIGATIONS 

Section 2.0 included a detailed discussion of the general sampling procedures and analytical methods 

employed during the investigations at NSB-NLON. Sample locations (both Phase I and Phase II) are 

depicted on Figure 5-2. The remainder of this section summarizes the scope of both the Phase I and Phase 

II investigations. 

D-01-95-10 5-l CT0 129 
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5.2.1 Phase I RI 

As part of the 1980 Phase I RI of the CBU Drum Storage Area, three surface (0- to 6-inch depth) and three 

shallow subsurface (12- to 18-inch depth) soil samples were collected from three locations at the site. A 

seventh sample was a composite of O-to 6-inch depth samples from the three locations. The sample 

locations were in the central part of the CBU Drum Storage Area as shown on Figure 5-2. These samples 

were collected to screen for potential releases associated with past drum storage. Table 5-l provides a 

sample-specific summary of the sampling and analytical program for the Phase I RI. 

5.2.2 Phase II RI 

One monitoring well (1 MW2S) was installed during this phase of investigation in a location presumed (based 

on topography) to be downgradient of the CBU Drum Storage Area. One groundwater sample was collected 

from this well during each of two sampling rounds. Two additional surface and three subsurface soil 

samples were collected from the monitoring well boring and two test borings located at the perimeter and 

downslope of the storage area. The first boring (lTB1) was sampled at depths of 0 to 2 feet and 6 to 8 feet. 

The second boring (lTB2) at monitoring well 1 MW2S location, was sampled at a depth of 12 to 14 feet. The 

third boring (lTB3), located downslope of the site, was sampled at depths of 0 to 2 feet and 5 to 7 feet. 

Sample locations are depicted on Figure 5-2. Table 5-2 displays a sample-specific summary of the Phase 

II RI sampling and analytical program. 

5.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the CBU Drum Storage Area based on 

information generated during the Phase I and Phase II Rls. Topography and surface features, surface water, 

soils, geology, and hydrogeology are discussed in the subsections that follow. 

5.3.1 Topoqraphv and Surface Features 

Figure 5-l shows the topography and surface features of the CBU Drum Storage Area. Generally, the 

ground surface slopes to the northeast. Bedrock outcrops are prevalent along the hillside southwest of the 

site. The hillside ground surface slopes relatively uniformly at a grade of approximately 25 percent across 

the site as shown on Figure 5-l. Across and northeast of the site, the ground slope flattens across the Area 

A Landfill. The ground surface elevation at the CBU Drum Storage Area is approximately 85 feet above 

D-01-95-10 5-2 CT0 129 



Revision 1 
March 1997 

mean sea level (based on surveyed test borings). The CBU Drum Storage Area is unpaved and there are 

no buildings or structures on the slte (see photographs in Appendix B.3). 

5.3.2 Surface Water Features (Atlantic, August 19921 

Surface drainage from the CBU Drum Storage Area flows northeast across the unpaved Deployed Parking 

Lot (which covers a portion of the Area A Landfill) and into the Area A Wetland. A downgradient catch basin 

is located approximately 40 feet northeast of the site, and the associated storm sewer discharges into the 

Area A Wetland. 

5.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1933) classifies the soil at the CBU Drum Storage Area as the Hollis-Charlton- 

Rock complex. This soil is associated with the central bedrock high on which the CBU Drum Storage Area 

is located. The soil is defined as stones and boulders intermingled with a dark, fine, sandy loam. Bedrock 

outcrops are prevalent. 

5.3.4 Geoloqv 

The bedrock surface across the CBU Drum Storage Area is depicted on Drawing 3 (Volume ill). Geologic 

conditions are shown on cross-section G-G’ on Drawing Number 20 (Volume ill). The CBU Drum Storage 

Area is located within the boundary of the Area A Landfill along the southern side. During the Phase II RI 

field investigation, one test boring (1TBl) was drilled within the site boundary. The overburden consists of 

silty sand to a depth of 12 feet underlain by sand and gravel to a total drilled depth of 14.5 feet at this 

location. Fill material (wood fragments, bullets, and plastic) was encountered during drilling as documented 

in the boring log (Appendix A). Field personnel reported a fuel odor and oily sheen on soils in the top 7 feet 

of the boring. 

Two additional test borings (lTB2 and iTB3) were drilled outside the site boundary. The overburden 

observed in these borings also consisted of silty sand. Fill material (gravel, brick, plastic, and aluminum foil) 

was encountered during drilling as shown in the boring logs. At lTB2, a fuel odor and oily sheen were 

noted on soils to a depth of 14 feet. At lTB3, a clayey silt layer lies beneath the silty sand. This material 

is similar to the dredge spoil that has been identified beneath the Area A Landfill and within the Area A 

Wetland. 
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Bedrock was not encountered in any of the borings. However, according to the bedrock geology map 

(USGS, 1967) the bedrock is mapped as the Mamacoke Formation. The bedrock surface is expected to 
G 

slope toward the northeast. The depth to bedrock is expected to be approximately 15 to 30 feet in the 

vicinity of the CBU Drum Storage Area (the test borings were 14 feet in depth). There appears to be a local 

bedrock depression at the 2LMW8 well cluster (adjacent to the CBU Drum Storage Area). Bedrock was 

encountered in the boring for this well at a depth of 42 feet. 

5.3.5 Hvdroseology 

Groundwater is present within the overburden materials underlying the site. Depth to groundwater ranged 

from 1 to 9 feet in monitoring well lMW2S during the three comprehensive water level rounds. Figure 5-3 

shows the local shallow overburden groundwater potentiometric surface for the CBU Drum Storage Area. 

Based on the projected groundwater contours for this area and on ground surface topography, shallow 

groundwater flow across and downgradient from the CBU Drum Storage Area is expected to be to the 

northeast. The groundwater elevation at well lMW2S is similar to the groundwater elevation at well 

2LMW8S, both of which are located along the upgradient boundary of the Area A landfill. An upward 

gradient at the 2LMW8 well cluster suggests that groundwater discharges from the bedrock into the 

overburden in this area. 

An estimate of the seepage velocity was generated using the groundwater contours in Figure 5-3. A flow 

gradient of 0.04 was calculated from the equipotential contours. The hydraulic conductivity of the 

overburden is expected to be similar to the hydraulic conductivity of the Area A Landfill (2.7 feet/day). 

Assuming these values and a porosity of 0.30, the seepage velocity is estimated to be 0.36 feet/day. 

5.3.6 Ecological Habitat 

The area surrounding the CBU Drum Storage Area is a flat, open area located at the edge of a wooded 

hillside. The hillside slopes toward the site at a 25 percent grade and is vegetated. The habitat associated 

wlth the hillside bordering the CBU Drum Storage Area is best characterized as upland 

coniferous/deciduous forest. Red/black oaks, yellow birch, mockernut hickory, white oak, eastern hemlock, 

common spicebush, maple leaf viburnum, and mountain laurel dominate the vegetative cover of this area 

(Atlantic, 1992). The CBU Drum Storage Area itself provides a poor habitat; the site offers limited cover (i.e., 

the site is characterized by compacted, supporting minimal vegetation soil) and forage. No ecological 

receptors are believed to utilize the CBU Drum Storage Area as either a nesting or forage area. However, 

the nearby hillside does provide habitat for terrestrial ecological receptors. Wildlife inhabiting this hillside 

D-01-95-10 5-4 CT0 129 



Revision 1 
March 1997 

may come in contact with soil at the CBU Drum Storage Area as they move into other areas (e.g., the Area 

A Wetlands) to forage. 

5.4 NATURE AND EXTENT OF CONTAMINATION 

This section provides a summary of the nature and extent of contamination at the CBU Drum Storage Area 

based on both the Phase I and Phase II Rls. The nature and extent of contamination is discussed on a 

matrix-specific basis in the following subsections. The complete analytical data base is contained in 

Appendix D.l. 

54.1 J3oJ 

Table 5-3 presents positive analytical results for all soil samples collected at the site. Table 54 presents 

TCLP results. Table 5-5 presents a summary of the analytical results for soil samples. 

2-Butanone, ethylbenzene, methylene chloride, tetrachloroethene, and xylenes were detected in one to three 

of the six surface soil samples. With the exception of xylenes (300 pg/kg) in sample 1 SS3D (at a depth of 

1 to 1.5 feet), volatile organic concentrations in surface soils were all 38 pg/kg or less. These same volatiles 

plus 1 ,l ,l -trichloroethane were detected at slightly higher concentrations in the subsurface soil samples. 

For example, the maximum concentrations of ethylbenzene and xylenes in surface soils were 23 pg/kg and 

300 pg/kg, respectively, while the maximum concentrations of these compounds in subsurface soil samples 

were 79 pg/kg and 380 pg/kg, respectively. All maximum subsurface soil concentrations were found in the 

5 to 7 foot deep sample of boring lTB3. 

Several semivolatiles were detected in the surface and subsurface soil samples. The 0 to 2 foot sample of 

boring lTB1, at the perimeter of the site, contained the majority of maximum concentrations among the 

surface soil samples. The highest concentrations of most compounds overall were noted in the 6- to 8-foot 

deep sample collected in boring lTB1, followed by the deeper sample (5 to 7 feet) in the offsite boring 

(boring lTB3). The deepest sample collected (12 to 14 feet in monitoring well boring lTB2) contained the 

lowest concentrations and the least number of compounds. The semlvolatile compounds detected include 

numerous PAHs, two phthaiate esters, 1,4dichlorobenzene, dibenzofuran, and carbazole. The PAHs are 

typical constituents of oils and tars, and were found at the highest concentrations with a maximum 

concentration of phenanthrene (16,000 pg/kg) in boring 1TBl (0 to 6 feet). Figure 5-4 presents a summary 

of the concentrations of both carcinogenic and noncarcinogenic PAHs in the surface soil samples. 
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The only detections of most pesticides and PCBs were in the samples collected from boring lTB1, which 

is located on the slte boundary. Concentrations of most pesticides/PCBs in the lTB! samples decreased 

with depth. 4,4’-DDD was detected at the highest concentrations (3800 pg/kg) in the 0 to 2 foot sample, 

and (2100 pg/kg) in the 6 to 8 foot sample. Other than Aroclor-1254 (420 pg/kg) in the 0 to 2 foot sample, 

all other pesticides/PCBs were detected at concentrations less than 60 pg/kg in the samples collected from 

1TBl. Other pesticide/PCB detections include 4,4’-DDD (55 pg/kg) in composite surface soil sample 

lSS4C, 4,4’-DDD (24 pg/kg) and 4,4’-DDT (140 pg/kg) in the 12 to 14 foot sample of boring lTB2, and 

Aroclor-1248 (360 pg/kg) in the 5 to 7 foot sample of boring lTB3. The presence of DDD, DDT, and 

Aroclor-1248 in subsurface samples from borings lTB2 and lTB3 are most likely attributable to reworking 

of the soil, particularly since this site is located on the Area A Landfill. These concentrations may also be 

the result of past pesticide applications or dredge spoil placement (for the deep samples) and probably do 

not represent the direct disposal of pesticides at the site (because of the low concentrations and sporadic 

detections). 

Maximum concentrations of most metals in both surface’and subsurface soil samples were found in the 

samples from boring lTB1, with concentrations generally increasing with depth. Maximum concentrations 

of all metals were higher than the reported NSB-NLON background values (Table l-2). 

Three surface soil samples from the Phase I RI were analyzed for selected metals after TCLP extraction. 

One sample (1 SSl) contained lead in the leachate at a concentration (0.6 mg/L) that exceeded the pollutant 

mobility Connecticut remediation standard for GB areas (0.15 mg/L), but not the Federal Toxicity 

Characteristic regulatory level (5.0 mg/L). 

5.4.2 Groundwater 

Positive analytical results for the groundwater samples are presented in Table 5-6. One monitoring well was 

sampled twice at the site. This well is located on the side/downgradient edge of the site. 

The number and concentration of volatile organic compounds found in the groundwater samples were low. 

For instance, chlorobenzene and xylenes were detected only in Round 1 of the Phase II RI at concentrations 

of 12 pg/L and 24 pg/L, respectively. No volatile organics were detected in Round 2 of the Phase II RI. 

it should be noted that xylenes were the volatile soil contaminant found at the highest concentrations. 

However, xylenes were not detected at significant concentrations or frequencies in the groundwater. 
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No pesticides or PCBs were detected in the groundwater samples during either round of the Phase II RI. 

Total petroleum hydrocarbons (TPH) were detected at 1,200 pg/L in the Round 2 sample, but were not 

detected in the Round 1 sample. 

Several semlvolatile organic compounds were also detected in the Phase II RI groundwater samples. In the 

Round 1 sample, naphthalene and carbazole were found at the highest concentrations (9 pg/L and 7 pg/L, 

respectively). Several other PAHs, diethylphthalate, 4-methylphenol, and dibenzofuran were also detected 

in the Round 1 sample, but at concentrations below 4 pg/L. The same compounds plus di-n-butylphthalate, 

fluoranthene, and pyrene were detected at slightly higher concentrations in the Round 2 sample. For 

instance, naphthalene and carbazole were detected at concentrations of 31 pg/L and 19 pg/L, respectively, 

in Round 2. Phenanthrene was detected at a concentration of 22 pg/L. The maximum concentration of 

all other semivolatiles was 13 pg/L. 

All of the metals detected were found at roughly similar concentrations in the total versus dissolved samples 

during both Phase II RI rounds. These results indicate that there was a minimal amount of suspended 

sediment in the samples (i.e., the water was not turbid). This may be attributable to the use of low-flow 

sampling techniques. Concentrations of most metals increased slightly from Round 1 to Round 2. Although 

lead was detected in the soil samples and, as noted in Section 5.4.1, in one of the TCLP leachates at a level 

exceeding Connecticut criterion for pollutant mobility, lead was not detected in the groundwater samples. 

5.5 CONTAMINANT FATE AND TRANSPORT 

The analytical results presented in the preceding section appear to indicate that organic chemicals (primarily 

PAHs) are present beyond the identified site boundaries of the CBU Drum Storage Area. This can be 

expected since the CBU Drum Storage Area lies within the confines of the Area A landfill. The site is 

unpaved, and the ground slopes toward the northeast, which may promote erosional transport. 

Contamination also appears to have migrated vertically, as evidenced by the presence of volatile and some 

of the more soluble semivolatile organic compounds at depth in the soil, as well as in the groundwater, 

although no notable potential source areas were noted in the analytical soil sample results. 

Furthermore, the slte is located within the boundary of the Area A landfill and it would be expected that 

contamination would be present beyond the CBU Drum Storage Area site boundary. 
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5.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the slte-specffic risk assessment for the identified exposure scenarios for the CBU 

Drum Storage Area. The risk assessment methodology was described in Section 3.3, and detailed 

calculations are contained in Appendix F.4. 

5.6.1 Data Evaluation 

Chemicals of concern (COCs) at this site were selected using the risk-based COC screening levels described 

in Section 3.3.1. All data collected during the Phase I and II Rls, except data from the composite soil 

sample (1 SS4C) collected during the Phase I RI and data from soil samples collected at depths greater than 

10 feet, were used to select COCs for soil and groundwater. COC summary screening tables for all media 

are contained in Appendix F.4. 

The following compounds were detected at maximum concentrations that exceeded the risk-based COC 

screening levels for residential soil: 

0 PAHs(benzo(b)fluoranthene, benzo(a)anthracene, benzo(a)pyrene,and indeno(1,2,3-cd)pyrene). c- 

a 4,4’-DDD. -* 

0 PCBs (Aroclor-1248 and -1254). 

0 Metals (antimony, arsenic, beryllium, chromium, manganese, and vanadium). 

0 TPH 

Benzo(b)fluoranthene, indeno (1,2,3-cd)pyrene, Aroclor-1248, and chromium were selected as COCs for the 

“all soil” (soil from depths of 0 to 10 feet) category only. Maximum detections of these four chemicals in 

the surface soil samples were below the risk-based COC screening levels. TPH was also qualitatively 

identified as a COC for soil because the maximum detection (9,800 mg/kg) exceeded the 500 mg/kg 

Connecticut remediation standard. Because of the limited number of soil samples collected, the average 

and maximum detected concentrations were used as the exposure concentrations for the CTE and RME, 

respectively. 

Maximum detections in soil were also compared to USEPA soil screening levels (SSLs) for migration to 

groundwater, as summarized in the COC screening tables (Appendix F.4). Maximum detections for several 

chemicals (methylene chloride, benzo(a)anthracene, carbazole, chrysene, 4,4’-DDD, dieldrin, barium, 
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chromium, and nickel) detected in the sfte soil samples exceeded the SSLs, indicating the potential for these 

chemicals to migrate to groundwater and potentially impact the quality of the groundwater. 

For groundwater, several chemicals were detected at maximum concentrations that exceeded the risk-based 

COC screening criteria for residential use of groundwater. These compounds are: 

0 Chiorobenzene. 

0 Carbazole. 

0 Metals (arsenic and manganese). 

The average chemical concentration of the Round 1 and 2 groundwater samples for the one well at the site 

(well 1 MW2S) serves as the exposure concentration for both the RME and CTE scenarios. 

y-- 

Several organic chemicals (2-methylnaphthalene, acenaphthylene, benzo(g,h,i)perylene, and phenanthrene) 

and some inorganic essential human nutrients (calcium, magnesium, potassium, and sodium) detected in 

the site media were not identified as COCs because no toxicity criieria are available to quantitatively evaluate 

these chemicals. In addition, USEPA Region I does not advocate a quantitative evaluation of exposure to 

aluminum and iron because the only available toxicity criteria for these chemicals are provisional reference 

doses based on allowable intakes rather than adverse effect levels. The uncertainty section of the baseline 

risk assessment, Section 3.3.5, contains a discussion of exposure to these compounds and the resulting 

limitations associated with the quantitative risk estimates. 

Table 5-7 presents a summary of the potential chemicals of concern and exposure concentrations for the 

CBU Drum Storage Area. 

5.6.2 Exposure Assessment 

Because this site is isolated, and the only use of the site in the foreseeable future is as a storage area, the 

only potential receptors evaluated are older child trespassers and construction workers. Construction 

workers were included since the planned capping of the Area A landfill is expected to encompass the CBU 

Drum Storage Area. The characteristics of both the CTE and the RME scenarios for these receptors were 

defined in Section 3.3.3. 

The older child trespasser is assumed to come into contact with surface soil only on an infrequent basis, 

while construction workers are expected to be exposed to “all soil” (soil from depths of 0 to 10 feet) during 
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the entire length of the construction project. Contact for both receptors would include incidental ingestion 

of soil and dermal contact wfth soil. In addition, construction workers could also be dermally exposed to 

groundwater during intrusive activities. 

The inhalation of fugitive dust and volatile emissions from soil is evaluated qualitatively by a comparison of 

maximum soil concentrations to USEPA SSLs for the inhalation pathway. This comparison is provided in 

the COC summary screening tables, located in Appendix F.4. Maximums for all soil chemicals were less 

than the SSLs. This comparison indicates the relative insignificance of the inhalation exposure pathway, and 

eliminates the need for further quantitative evaluation of this exposure route. 

5.6.3 Risk Characterization 

A summary of the quantitative risk assessment for the CBU Drum Storage Area is provided in this section. 

Total noncarcinogenic and carcinogenic risks for each exposure route, as well as the cumulative risks for 

the RME and CTE, are outlined in Table 5-8 for the older child trespasser and construction worker. Sample 

calculations are provided in Appendix F.3. Chemical-specific risks for the slte are presented in Appendix F.4. 

5.6.3.1 Noncarclnogenic Risks 

Cumulative Hazard Indices (HIS) for the trespasser and construction worker range from 6.2E-3 (CTE, 

trespasser) to 3.5E-1 (RME, construction worker). All values were less than unity, indicating that no toxic 

effects are anticipated for these receptors under the defined exposure scenarios. 

5.6.3.2 Carcinogenic Risks 

Estimated carcinogenic risks are minimal for the older child trespasser exposed to surface soil and the 

construction worker exposed to “all soil” (soil from depth of 0 to 10 feet) and groundwater. Cumulative 

incremental cancer risks for the construction worker under both scenarios and the older child trespasser 

under the CTE were less than 1 E-6. The cumulative carcinogenic risk for the older child trespasser under 

the RME (2.0E-6) was within the USEPA’s target risk range (1 E-4 to 1 E-6). Incidental ingestion is the primary 

route of exposure for the older child trespasser. Arsenic and beryllium contribute to the majority of the risk 

for the RME scenario. 

- 

=e 
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5.6.3.3 Uncertainties 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, was 

provided in Section 3.3.5. Site-specific uncertainties for the CBU Drum Storage Area risk evaluation are 

presented below. 

Some inorganic chemicals detected in site soil samples may be attributable to naturally occurring 

compounds. Background levels for metals in soil at NSB-NLON, developed by Atlantic Environmental 

Services, Inc., were presented in Table 1-2. Reported concentrations of aluminum, cobalt, magnesium, and 

potassium in the slte surface soils were below the established background levels. Arsenic and beryllium, 

which are the major contributors to the calculated carcinogenic risks, may also be a result of background 

conditions as maximum detections of these analytes in surface soil (4.8 mg/kg and 1 .O mg/kg, respectively) 

only slightly exceeded the NSB-NLON background concentrations (3.6 mg/kg and 0.72 mg/kg). 

5.7 ECOLOGICAL RISK ASSESSMENT 

This section contains a site-specific ecological risk assessment for the CBU Drum Storage Area. Both 

maximum and average exposure point concentrations were considered in determining potential risks to 

ecological receptors. The process followed to determine exposure point concentrations and the 

methodology used to characterize risks to ecological receptors is summarized in Section 3.4. Detailed 

calculations are provided in Appendix 1.1. 

5.7.1 Conceptual Site Model 

Soil samples were collected from the CBU Drum Storage Area and analyzed. Ecological receptors are most 

likely to be exposed to chemicals associated with this site by direct contact with the surface soil as they 

move from the wooded hillside bordering the CBU Drum Storage Area to forage in the nearby Area A 

Wetland. 

5.7.2 Exposure Assessment 

Although the CBU Drum Storage Area does not currently represent a desirable habitat for wildlife receptors, 

it was conservatively assumed to be inhabited for the purposes of this ecological risk assessment. Complete 

exposure pathways for this site therefore included potential uptake via roots by terrestrial vegetation and 

exposure of soil invertebrates via direct contact with contaminants present in soil moisture or through 
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ingestion. Complete exposure pathways for small mammals included direct contact wlth contaminated 

surface soil, incidental ingestion of surface soil while foraging, and consumption of contaminated prey. 

Predators could be exposed to chemicals at this slte via consumption of contaminated prey or incidental 

ingestion of surface soil while foraging on the slte. 

5.7.3 Receptor Organisms 

As noted in Section 5.3.6, the CBU Drum Storage Area is characterized by compacted soil that supports 

limited vegetation. As such, this site is unlikely to represent desirable habitat for wildlife nor is it likely to 

represent a foraging area for ecological receptors. However, in order to evaluate potential impacts to 

wildlife receptors, it was assumed that the CBU Drum Storage Area was vegetated, that the site supports 

a population of soil invertebrates, and that short-tail shrews both inhabit and forage in the area, preying on 

soil invertebrates (earthworms). The short-tail shrew in turn serve as prey for red-tailed hawks. The same 

conservative assumptions summarized in Section 3.4.4.2 were retained for this assessment. 

5.7.4 Chemicals of Concern 

As discussed in Section 5.7.1, surface soil (0 to 2 feet) is the only medium with which ecological receptors 

are likely to come in contact. Chemicals of concern associated with this medium were selected by 
-48 

comparing exposure point concentrations (both maximum and average values; Appendix 1.1) detected in 

surface soil samples collected from the site to the following benchmarks (see also Section 3.4.2): 

0 Inorganic concentrations were compared to concentrations of inorganic constituents present in 

NSB-NLON background samples. 

0 Wiih the exception of aluminum (see Section 5.7.5.1), inorganics present in concentrations 

greater than concentrations of background constituents and ail organic compounds were 

compared to conservative benchmark values protective of terrestrial vegetation, soil 

invertebrates, the short-tailed shrew, and the red-tailed hawk. 

Chemicals of concern identified as a result of comparing both the maximum and average concentrations 

of analytes detected in surface soils collected from this area are summarized in Table 5-9. 
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5.7.5 Risk Characterization 

5.7.5.1 Terrestrial Vegetation 

As discussed in Section 3.4.2.3, risks to terrestrial vegetation were determined by comparing concentrations 

of contaminants to conservative, phytotoxic benchmarks. As noted above, aluminum was found in 

concentrations less than background concentrations but was still present in concentrations that exceeded 

its benchmark value for terrestrial vegetation. This metal was therefore retained as a chemical of concern 

at this slte. As discussed in Section 3.4.2.3, the benchmark values listed in Will and Suter (1994) are 

conservative and do not consider site-specific soil characteristics which may affect bioavailability of 

chemicals (and their potential toxicity) to plants. Both maximum and average chemical concentrations 

detected in surface soil samples collected from this site were compared to these phytotoxic benchmark 

values and Hazard Quotients (HQs) were determined. Chemicals associated with the CBU Drum Storage 

Area were considered to represent a risk to terrestrial vegetation if the HQs exceeded 1.0. The HQs 

calculated by comparing maximum detected concentrations to benchmark values are summarized in 

Table 5-l 0. 

Comparisons of maximum soil concentrations detected at the CBU Drum Storage Area to phytotoxic 

benchmark values identified 9 inorganics with HQs greater than 1.0. of these analytes, aluminum (HQ = 

2.OE+2), vanadium (HQ = 9.3E+l), and chromium (HO = 3.4E+l) represented those metals most likely 

to result in an adverse impact to terrestrial vegetation (Table 5-l 0). When average concentrations of surface 

soil chemicals were compared to the phytotoxic benchmarks, HQs decreased (the HQs for aluminum, 

vanadium, and chromium were 1.7E + 2,5.2E + 1, and 2.4E + 1, respectively) and HQs associated wfth copper 

and nickel were less than one (Table 5-l 1). As noted above, NSB-NLON background concentrations also 

exceed the phytotoxic benchmark value for aluminum, suggesting that this benchmark value may be too 

conservative for this area. However, the results of this conservative screening assessment do suggest that 

the limited vegetation currently supported in CBU Drum Storage Area is potentially at risk. 

5.7.5.2 Terrestrial Fauna 

Soil Invertebrates 

Conservative benchmark values protective of earthworms were used to identify potential risks to soil 

invertebrates inhabiting the CBU Drum Storage Area. Although this area is characterized by bare, 

compacted soil (Section 5.3.6) and it is unlikely that these surface soils currently support a robust population 
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of soil invertebrates, potential risks to these organisms were evaluated. The maximum and the average 

concentrations of inorganics detected in surface soil (0 to 2 feet) samples collected from this site were 

compared to the background concentrations. lnorganics present at concentrations greater than NSB-NLON 

background and all organic compounds were then compared to benchmark values developed for 

earthworms (see Section 3.4.2.3) and HQs were determined (see Appendix 1.1). Chemicals associated with 

the CBU Drum Storage Area were considered to represent a risk to terrestrial invertebrates if the HQs 

exceeded 1 .O. The HQs determined for this site are summarized in Table 5-12. 

=w 

Of the chemicals detected in surface soil samples, only three metals (copper, lead, and chromium) were 

present at maximum concentrations that represent a potential risk to soil invertebrates (Table 5-12). 

However, when average concentrations of these metals were compared to these benchmark values, only 

copper had an HQ greater than 1.0 (HQ = 2.4; Appendix 1.1). As discussed in Section 3.4.2.3, data 

concerning the toxicity of metals in soil to soil invertebrates is limited and difficult to interpret due to the 

influence that soil characteristics have on contaminant bioavailability. Wih the exception of copper, the main 

concern associated with soil invertebrates is that chemicals may accumulate in these organisms in 

concentrations that may adversely impact predator species. Copper, on the other hand, has been 

demonstrated to eliminate earthworms from surface soils. The results of this assessment indicate that soil 

invertebrates that come in contact with the maximum concentrations of copper, chromium, and lead 

detected at the CBU Drum Storage Area are at risk. Exposure to average concentrations of copper also 

represent a potential risk to these receptors. 

Terrestrial Vertebrates 

Although the CBU Drum Storage Area currently doesn’t represent a desirable habitat for terrestrial vertebrate 

receptors, potential risks to these types of receptors were evaluated by examining risks to short-tailed 

shrews and the red-tailed hawk. Exposure pathways considered in the assessment for this slte included the 

ingestion of prey and the incidental ingestion of soil. Because soil was the only medium considered for this 

site, potential risks associated with the ingestion of water were not considered. All calculations performed 

for representative animals potentially inhabiting the CBU Drum Storage Area are contained in Appendix 1.1. 

As discussed in Section 3.5.3, risks to terrestrial receptors are expressed in terms of Hazard Indices (HIS), 

which are the sum of chemical-specific HQs. As noted in Section 5.7.4, this risk assessment evaluated 

potential risks associated with exposure to the maximum concentrations (conservative or worst-case 

scenario) and to the average concentration (more “realistic” exposure scenario) of site chemicals. HIS 

calculated for each terrestrial receptor exposed to the maximum soil concentrations associated wlth the CBU 
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Drum Storage Area are summarized in Table 5-13 while HI values based on comparisons of average 

concentrations in surface soil to benchmark values are summarized in Table 5-14. 

The HI calculated for the short-tailed shrew using maximum surface soil concentrations was 6.3E+2, 

indicating that this species may be at risk. Vanadium was the greatest contributor to risk (63.2%), followed 

by antimony (19.4%) and chromium (5.3%). Ingestion of soil contributes 58.4% of the total exposure, and 

the ingestion of food (earthworms) accounts for 41.6% (Table 5-13). 

Use of average soil concentrations to determine the HI value for this receptor resulted in a somewhat lower 

HI (HI = 3.7E+2; Table 5-14). Vanadium, antimony, and chromium also contributed significantly to this 

receptor’s potential risk and ingestion of soil remained the primary route of exposure to soil contaminants 

(i.e., 58.3% of total HI). 

When compared to acute toxicity values, only vanadium exceeded its benchmark value under the maximum 

scenario (Appendix 1.1). An HI > 1 was also calculated for vanadium using the acute benchmark for this 

receptor. 

When the maximum concentrations in surface soil were compared to conservative benchmark values 

developed for the red-tailed hawk, an HI of 4.4E+2 was calculated (Table 5-13). For this raptor, 4,4’-DDD 

was the dominant contributor to risk, accounting for 96.4% of the HI while 4,4’-DDE contributed 1.4%. All 

other contaminants contributed 2.2% (Table 5-13). Ingestion of prey (in this case, shrews) contributed 

significantly (82.8%) to this receptor’s total exposure. 

While use of average surface soil concentrations resulted in a lower HI for this receptor (HI = 2.2E+2; 

Table 5-14). The results indicate that exposure to the average concentrations of chemicals detected at the 

CBU Drum Storage Area also represent a potential risk to this predator. 

No HIS > 1 were generated for the maximum or average exposure scenarios using acute benchmark toxicity 

values for the red-tailed hawk (Appendix 1.1). This indicates insignificant potential acute risks to this 

receptor. 
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57.6 Uncertainties 

As discussed in Section 3.4, the following conservative assumptions were maintained in performing this 

ecological risk assessment: 

0 the site use factor was assumed to equal 100% (i.e., the organisms were assumed to live and 

forage exclusively within the boundaries of this site), 

0 minimum body weights were used to calculate receptor dose 

0 maximum ingestion rates were used to calculate receptor dose 

l contaminants were assumed to be 100% biologically available 

0 the most sensitive life stage was assumed to be exposed to site contaminants 

l it was assumed that only contaminated prey were consumed. 

By adopting these conservative assumptions, the final risk estimates are deliberately conservative and are 

likely to overestimate the actual risk associated with contaminants detected at the CBU Drum Storage Area. 

This approach was taken so it may be concluded with confidence that certain chemicals detected at this 

site are unlikely to represent an ecological risk. While this process serves to significantly reduce the 

uncertainty associated with eliminating certain chemicals from further consideration, uncertainty is associated 

with concluding that exposure to the remaining chemicals are adversely impacting ecological receptors. 

An analysis of the uncertainty associated with the risk assessment process is important in that it identifies, 

and, to the extent possible, quantifies the uncertainty associated the entire process (problem formulation, 

data analysis and risk characterization). The uncertainty introduced into the risk assessment process stems 

from three sources: 1) imperfect knowledge of things that should be known, 2) systematic errors (e.g, 

computational, data, or analytical transformation errors), and 3) nonsystematic errors (i.e., random or 

stochastic errors) and variability in the system being assessed (Solomon et. al, 1996). A detailed discussion 

of uncertainties associated with the assessment process is contained in Section 3.4. This section focuses 

on uncertainties and assumptions that should be considered when interpreting the results of the ecological 

risk assessment performed at the CBU Drum Storage Area. 

As noted above, it was conservatively assumed that the site use factors for both the shrew and the red-tailed 

hawk equaled 100%. The lack of desirable habitat, the areal extent of the CBU Drum Storage Area 

(approximately 0.0042 ha) represents 4.2% and 0.01% of the shrew and the red-tailed hawk. When the size 

of the CBU Drum Storage Area is used to adjust the HIS calculated for the hawk, the resulting values are 

substantially less than 1.0, suggesting that these receptors are unlikely to be adversely impacted by site 

contaminants. When the areal extent of the CBU Drum Storage Area is factored into the HI calculations for 

-4 

-4 
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the short tailed shrew, the resulting HIS are approximately an order of magnitude lower than the original HIS 

calculated for this receptor. Although still greater than 1.0, the likelihood that this site represents a risk to 

this receptor and other small mammals is unlikely. The choice of the shrew as a representative for other 

small mammals is conservative. Because of its very high metabolic rate, this species expends a great deal 

of effort foraging for food. Therefore, its contact with and incidental ingestion of soil is greater than that of 

other small mammals. Furthermore, because of the compacted nature of the soil and the limited cover, it 

is unlikely that the shrew or other species would forage in this area. Therefore, although the HI values for 

the shrew exceed 1.0, the potential contact with site contaminants is limited. 

Uncertainty is also associated with characterizing the toxicity of contaminants detected at this site. Of these 

contaminants, it was determined that aluminum contributed most significantly to the potential risks calculated 

for terrestrial vegetation. According to Will and Suter (1994) aluminum exerts a toxic response in terrestrial 

vegetation by interfering with cellular division in roots, decreasing root respiration, binds with phosphorus 

so that it is not biologically available, interferes with the uptake of essential nutrients (calcium, magnesium, 

phosphorus) and water, and disrupts enzyme activity. Seedlings are more susceptible to the effects of 

aluminum toxicity than are older plants (Will and Suter, 1994). 

- The aluminum benchmark value used to determine if this metal represented a potential risk to terrestrial 

vegetation was taken from Will and Suter (1994). The benchmark is based on the results of a single study 

that documented a 30% reduction in white clover seedling establishment when 50 mg/kg aluminum was 

added to a sandy loam soil with a pH of 5.0. Because only a single study describing the phytotoxicity of 

aluminum could be identified, the confidence in this benchmark, and therefore the conclusions regarding 

the potential impacts of aluminum on vegetation within the CBU Drum Storage Area, is limited. 

Uncertainty is also associated with the biological availability of soil organic contaminants. None of the soil 

samples collected from this site were analyzed for TOC. In the absence of site-specific data, the 

concentration of TOC measured in a sample collected from the Rubble Fill Area at Bunker A86 (TOC = 

13,100 mg/kg) was used to predict concentrations of organic contaminants present in soil pore water at the 

CBU Drum Storage Area. It is not known if this value over or under represents actual TOC concentrations 

at this site. The use of a TOC value from the Rubble Fill Area at Bunker A86 also introduces uncertainty with 

respect to how well the predicted earthworm BAFs for soil organics represent actual BAFs. TOC is one of 

the parameters used to calculate earthworm BAFs for organic contaminants. 

The results of the risk assessment determined that copper represented a risk to soil invertebrates associated 

with this site. As noted in section 5.7.5.2, copper represents one of a handful of contaminants whose impact 
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on soil invertebrates has been relatively welldocumented. However, although the risk assessment indicated 

that this contaminant represented a potential risk to these receptors, additional site-specific data (e.g., soil 

toxicity tests) would be necessary to reduce the uncertainty associated with concluding that this contaminant 

is biologically available in concentrations that would adversely impact these receptors. 

-d 

The risk assessment determined that vanadium contributed most significantly to the HI calculated for the 

short-tailed shrew (Tables 5-!3 and 5-14). Vanadium is the 21st most abundant metal in the earth’s crust 

and is a natural component of fuel oils. In addition, vanadium is commonly employed as an alloying agent 

by the steel industry and as a catalyst in the chemical industry (Ellenhorn and Barceloux, 1988). Vanadium 

appears to help regulate the Nat/K+ ATPase pump. The physiological mechanism associated with this 

metal’s toxicity is unknown but is believed to be associated with its inhibition of oxidative phosphorylation 

(Ellenhorn and Barceloux, 1988). Vanadium compounds are poorly absorbed through the gastrointestinal 

wall. This information indicates that the assumption that 100% of the vanadium consumed by shrews at the 

CBU Drum Storage Area was absorbed is overly conservative. 

As summarized in Table 3-17, the endpoint (NOAEL) used to assess risks to mammals associated with 

exposure to vanadium was based on a study summarized in Opresko et. al (1994). This study reported the 

results of a laboratory toxicity test conducted on female rats exposed to three doses of vanadium in the form 

of metavandate (41.78% V) administered via oral intubation. This method of administration introduces 

uncertainty to these test results in that it does not represent a natural means of exposure. 

The study performed on the female rats extended through 60 days prior to gestation and through gestation, 

delivery, and lactation. The results of the test therefore represent the effects of long term chronic exposure 

and are consistent with the assumption that exposure to site contaminants is also probably chronic. 

Because significant differences in reproductive effects were observed at all three administered doses, the 

lowest dose used in the study was selected as the LOAEL. The resulting LOAEL values were converted to 

NOAEL values by multiplying by 0.1. The lack of a NOAEL also introduces uncertainty to these test results. 

Unlike the shrew, DDTR, rather than vanadium, accounted for almost all of the potential risks to the red-tailed 

hawk associated with the CBU Drum Storage Area (see Tables 5-13 and 5-14). DDTR manifests its toxic 

effect by affecting the nervous system and as a hepatotoxin. Its affect on avian reproduction (i.e., egg shell 

thinning) is also well known. As summarized in Appendix H, long-term dietary exposure to 2.8 to 3.0 mg/kg 

(wet weight) results in adverse reproductive effects in mallards, screech owls, and black ducks. 
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/? The LOAEL for the brown pelican, as reported by Anderson et. al (1975) served as the basis for developing 

NOAELs for the red-tailed hawk. According to USEPA (1993) this study was deemed most appropriate for 

the development of avian wildlife criteria for the Great Lakes because: “it represented a peer-reviewed field 

study that provided a chemical-specific dose-response curve for reproductive success”. A UF of 4.00E-82 

was applied to the brown pelican LOAEL (2.80E-03 mg/kg/day), resulting in a NOAEL of 

1 .12E-O4 mg/kg/day for the red-tailed hawk. As noted by USEPA (1993), piscivorous (fish-eating) birds such 

as the brown pelican are among the avian species most severely affected by DDTR. Because development 

of wildlife criteria protective of piscivorous birds was among the goals of the Great Lakes Initiative, use of 

these data were particularly appropriate. However, the red-tailed hawk is not pisclvorous. Therefore, 

employing the LOAEL generated for the brown pelican probably results in an overly conservative NOAEL 

for these two species. LOAELs reported for mallards provide some indication of the conservative nature 

of the value (1.12 E-04 mg/kg/day) used to characterize risks to the red-tailed hawk. LOAELs for this 

species ranged from 0.58 to 2.91 mg/kg/day (USEPA, 1993). Using a UF of 2.00E-81 to convert from 

LOAELs to NOAELs produces mallard NOAELs that range from 0.116 to 0.582 mg/kg/day. While no similar 

DDTR toxicity data were identified for the red-tailed hawk, results of a study conducted on the American 

kestrel (LOAEL = 0.39 mg/kg/day; Peakall et. al, 1973) were reported. This species, like the red-tailed hawk, 

feeds on small mammals, rather than fish. When a UF of 4.00E-02 is used to account for taxonomic 
A differences between kestrels and hawks and to convert from a LOAEL to a NOAEL, a NOAEL of 

1.56E-02 mg/kg/day is generated for the red-tailed hawk. This value is substantially higher (less 

conservative) than the brown pelican NOAEL used to assess risks to avian receptors associated with DDTR 

detected at the CBU Drum Storage Area and provides an indication of the conservative nature associated 

with the original set of HI calculations completed for this receptor. It is probable that risks to this receptor 

are relatively minor. 

5.6 COMPARISON OF SITE DATA TO CONNECTICUT STANDARDS 

Analytical data for the CBU Drum Storage Area were compared to Connecticut drinking water standards and 

remediation standards (CTDEP, January 1996). Tables summarizing the comparison of site data to 

Connecticut standards are provided in Appendix F.4. These tables, which follow the quantitative risk 

assessment spreadsheets in the cited appendix, ident*Zy, on a media-specific basis, those chemicals 

detected at concentrations in excess of state criteria. Maximum and average chemical concentrations are 

presented in the summary tables. Although the maximum concentration of a chemical may exceed an 

associated state criieria, the distribution of the chemical in the medium is also important with respect to 

decision making. Therefore, the average chemical concentration was included to provide some information 
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on the potential distribution of the chemical. A brief narrative of the findings of this qualitative analysis is 

provided in the remainder of this section. 

Site-specific soil data were compared to Connecticut remediation standards for direct exposure and pollutant 

mobility. Based on conversations with the State, USEPA, and Navy (October 25, 1995e), an jndustrial land 

use scenario is considered to be the most likely exposure scenario for the site. The following chemicals 

were found at maximum concentrations exceeding the state remediation standard for direct exposure under 

industrial land use: 

0 Benzo(a)pyrene 

0 Arsenic 

0 TPH 

To address concerns regarding migration of chemicals from soil to groundwater, site soil data were 

compared to Connecticut remediation standards for pollutant mobility. The groundwater classification for 

the CBU Drum Storage Area is GB, which indicates that although the State recognizes that groundwater may 

not meet GA criteria at this time, the goal is to restore groundwater to GA qual’ky. The list of chemicals 

reported at maximum concentrations exceeding the GB pollutant mobility criteria consists of: 

0 Benzo(a)anthracene 

0 Benzo(a)pyrene 

0 Benzo(b)fluoranthene 

0 Dieldrin 

0 Heptachlor epoxide 

0 Lead 

0 TPH 

As indicated, TCLP analytical results for lead exceeded GB pollutant mobility criteria. A qualitative evaluation 

of the TCLP analytical results for the site soil samples (in relation to state pollutant mobility criteria for 

inorganics and PCBs) is provided in Table 5-4. 

Analytical groundwater data for the site were compared to Connecticut MCLs and remediation standards 

for groundwater and surface water protection. Sodium was detected at a maximum concentration of 

28.2 mg/L, which slightly exceeded the 28 mg/L state Notification Level. No exceedances of primary MCLs 
c- . 

were noted in the unfiltered samples. No exceedances of state MCLs were observed in the filtered samples. 
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Maximum concentrations for all chemicals detected in the unfiltered and filtered groundwater samples were 

less than the Connecticut remediation standards for groundwater protection. It should be noted that the 

groundwater protection criteria are applicable for GA or GAA designated groundwater and are also used to 

protect existing groundwater regardless of the classification. 

Since groundwater at the CBU Drum Storage Area eventually discharges to a surface water body (i.e., 

Thames River), site-specific groundwater data were also compared to Connecticut remediation standards 

for surface water protection. Phenanthrene (unfiltered sample matrix) and arsenic (filtered sample matrix) 

were the only chemicals found at maximum concentrations exceeding the surface water protection criieria. 

5.9 SUMMARY AND CONCLUSIONS 

This section presents a summary of major findings for the CBU Drum Storage Area. A summary of the 

nature and extent of contamination is provided in Section 5.9.1. Sections 5.9.2 and 5.9.3 summarize the 

baseline human health risk assessment and the ecological risk assessment for the site, respectively. Section 

5.9.4 summarizes the comparison of site data to state standards and Section 5.9.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

59.1 Nature and Extent of Contamination 

Various organic and inorganic chemicals were detected in soil and groundwater samples collected at the 

CBU Drum Storage Area site. For the most part, the concentrations encountered were relatively low. For 

example, although various volatile organics were detected in the soil, the concentrations were all less than 

400 pg/kg. The concentrations of semivolatile organics were somewhat higher, particularly those of several 

PAHs, such as fluoranthene with a maximum concentration of 16,000 pg/kg. Other chemicals detected in 

the soil matrix included relatively immobile compounds such as 4,4’-DDT (3,900 pg/kg), Aroclor-1248 

(420 pg/kg), and Aroclor-1254 (360 pg/kg). Inorganic chemicals were detected in the soil samples in 

excess of NSB-NLON background levels. 

Two unfiltered groundwater samples collected from one well at the CBU Drum Storage Area contained 

various organic compounds including chlorobenzene, xyienes, 4-methylphenol, diethylphthalate, various 

PAHs. Concentrations of these chemicals were all less than 31 ,ug/L. Various inorganics were also 

detected in the filtered and unfiltered groundwater samples. 
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Based on the available analytical results, it is concluded that although some contamination exists at the CBU 

Drum Storage Area, it is essentially negligible. The groundwater sample results indicate that the chemicals 

in soil at the site (which are primarily immobile compounds such as PAHs, pesticides, and PCBs) have not 

impacted the groundwater. 

5.9.2 Baseline Human Health Risk Assessment 

The CBU Drum Storage Area is a relatively isolated site and the baseline human health risk assessment 

focused on exposure scenarios for an older child trespasser and a construction worker. Given current and 

anticipated future land and water use, these receptor groups are considered appropriate for the site. All of 

the noncarcinogenic risks (HIS) for these receptor groups were below unity. Incremental lifetime cancer risks 

were either less than 1 E-6 or well within the USEPA’s target acceptable risk range. Therefore, it is concluded 

that the site poses minimal risk to human health. 

5.9.3 Baseline Ecological Risk Assessment 

The CBU Drum Storage Area is currently characterized by compacted soil that supports limited vegetation 

and provides no habit for ecological receptors. Using the conservative assumptions discussed in Section 

3.4.4.2, maximum concentrations of contaminants detected in site surface soils (0 to 2 feet) were compared 

to benchmark values protective of various terrestrial ecological receptors. The results of these comparisons 

indicate that chemicals associated with this site could adversely impact terrestrial vegetation, soil 

invertebrates, and terrestrial vertebrates. When the risks associated with the average surface soil 

concentrations were evaluated, risks to these receptors were reduced but still exceeded 1.0. However, 

because of the current site conditions, actual risks to ecological receptors are likely to be much less than 

those calculated for this area. Areas bordering the CBU Drum Storage Area (e.g., the wooded hillside) do 

represent desirable habitat for wildlife. Organisms inhabiting this area may come in contact with soil 

contaminants associated with the site while moving through the area to forage in the nearby Area A Wetland 

or Area A Downstream Watercourses. While potentially exposed to soil contaminants, this exposure is much 

more limited than that considered in this evaluation (see Section 3.4.4.2 for exposure assumptions), thereby 

reducing the actual ecological risks associated with this site. The site is relatively small in aerial extent and 

is characterized by compacted soil which limits the available habitat to ecological receptors. In addition, 

this site is to be capped as part of the Area A landfill interim remedial action (see Section 5.6.2); capping 

the CBU Drum Storage Area will eliminate the possibility that ecological receptors will come in contact with 

site contaminants. When the current and future site conditions are factored into this evaluation, it is 

concluded that the CBU Drum Storage Area represents little potential risk to ecological receptors. 

D-01-95-10 5-22 CT0 129 



Revision 1 
March 1997 

59.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 5.8. Although not retained as COCs in the baseline human health risk assessment, dieldrin and 

heptachlor epoxide were reported at maxima in excess of Connecticut remediation standards for pollutant 

mobility. This indicates that although detected concentrations were less than human health risk-based COC 

screening levels, these soil compounds may migrate to groundwater and potentially impact water quality. 

For groundwater, minimal exceedances of state standards were observed. Sodium and phenanthrene were 

the only groundwater chemicals which were not selected as COCs in the baseline human health risk 

assessment. No dose-response parameters are available to quantitatively address exposure to these two 

chemicals. It should be noted that the applicable state standard for sodium is a Notification Level of a 

drinking water source. 

5.9.5 Recommendations 

-- 
It is recommended that the CBU Drum Storage Area be considered for no further action based on the 

following information: 

0 The potential source of contamination which was discovered during the 1982 IAS (26 55-gallon 

drums containing waste oil, lube oil, and paint materials) has been removed and no visual 

evidence of contamination remains at the site. 

l Soil and groundwater samples collected in the vicinity of the site yielded, for the most part, 

relatively low concentrations of chemicals. Volatile organic compounds were detected in soil 

samples at concentrations less than or equal to 380 pg/kg. Only two volatile organic 

compounds (chlorobenzene and total xylenes) were detected in groundwater at concentrations 

of 12 and 24 pg/L, respectively. All semivolatile organics compounds in groundwater were 

detected at concentrations less than or equal to 31 pg/L. 

l The human health risk assessment concluded that carcinogenic risks were all within USEPA 

acceptable risk range of 1 E-4 to 1 E-6 or below 1 E-6. Noncarcinogenic risks were below the 

USEPA acceptable level of one for all receptor groups. 
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0 The potential for this site to impact ecological receptors from a realistic perspective, is low. 

Although the ecological risk assessment concluded that chemicals associated with this site could 

adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates; the 

calculations were performed using highly conservative estimates. Furthermore, the site is 

relatively small in aerial extent (15 feet wide, 30 feet long) and is characterized by compacted 

soil that supports limited vegetation and terrestrial species. Therefore, the CBU Drum Storage 

Area does not provide a significant habitat for ecological receptors. 

0 The site, which is located within the boundary of the Area A Landfill, will be covered with a low 

permeability cap as part of the planned interim remedial action for the Area A landfill. This cap, 

which is currently under construction, will eliminate the possibility of potential human and 

ecological exposure to soil at the site. Furthermore, the cap will minimize the amount of 

precipitation that could infiltrate through the soil and potentially transport contamination to the 

groundwater. 
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TABLE 5-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

SOILS 

Sample 
Depth 

(feet below 
ground) 

Analysis 

Target Compound List (TCL) TAL@’ TCLP”’ 

TPH”’ 
Volatiles Semivolatiles Pesticides/PCBs (” Metals 

(total) 
Metals/PCBs 

1 ss4ct51 o-o.5 . (6) 0 0 

1SSlS o-o.5 0 0 0 

1SSlD l-l.5 l 0 

1 ss2s o-o.5 0 0 

1 SS2D l-l.5 0 0 

1 ss3s o-o.5 0 0 

1 SS3D l-l.5 l 0 

1 Polychlorinated biphenyls. 
2 Target Analyte List metals plus boron and cyanide. 
3 Toxicity Characteristic Leaching Procedure (TCLP) for metals and PCBs. 
4 Total Petroleum Hydrocarbons. 
5 ISS4C is a composite of 1 SSl S, 1 SS2S and 1 SS3S. 
6 0 - Indicates samples analyzed at fixed-base laboratory. 



TABLE 5-2 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Sample Analysis 

Sample ID 
Depth 

(feet below 
Target Compound List (TCL) TAL Metal@’ 

ground) 
TPH”’ 

Volatiles Semivolatiles Pesticides PCBU’ Total Dissolved 

ROUND 1 - SOILS 

1TB l-0002 I o-2 I l (4) I 0 

ITBl-0608 I 6-8 I 0 I 0 

lTB2-1214 I 12-14 I 0 I 0 

lTB3-0002 I o-2 I 0 I 0 

lTB3-0507 I 5-7 I 0 I 0 

ROUND 1 - GROUNDWATER 

lGW2S - - 0 0 0 0 0 l 0 

ROUND 2 - GROUNDWATER 

lGW2S-2 -- 0 0 0 0 0 0 0 

1 TAL Metals plus boron. Water samples were also analyzed for hardness. 
2 Polychlorinated biphenyls. 
3 Total Petroleum Hydrocarbons. 
4 0 - Indicates samples analyzed at fixed-base laboratory. 



TABLE 5-3 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
CONSTRUCTION BATTALION UiUIT DRUM STORAGE AREA: NSB-NLON; GROTON, CONNECTICUT 

VGlAT!LES @KG) _ 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

1SSlD 1SSlS 

1 - 1.5 0 - 0.5 

1SSl ISSI 

11128l90 11 R8/90 
PHI PHl 

GRAB GRAB 

1sm 

1 - 1.5 

lSS2 

llR8i90 

PHI 

GRAB 

isszs lSS3D 1 lSS3S 1 lSS4C 

0 - 0.5 

1 ss2 

llR8i90 
PHl 

GRAB 

l-1.5 

lSS3 

11/28/90 
PHl 

GRAB 

0 - 0.5 

lSS3 

1 l/28/90 
PHl 

GRAB 

0 - 0.5 

1 ss4c 

11 R8lQ0 

PHl 

COMPOSITE 

. 

DI-N-BUTYL PHTHALATE 2000U 

DlBENZO(A,H)ANTHRACENE 2OOOU 

DIBENZOFURAN 2OOOU 

FLUORANTHENE 450 J 

FLUORENE 2000U .E 
INDENO(1,2,3-CD)PYRENE 2OOOU at= 

NAPHTHALENE 2OOOU al 

PHENANTHRENE 2OOOU 
=IE 

PYRENE 370 J -4 
$2 

PESTlClMS/PCBs (lJG/KG) 34 
4,+-DDD I I I I 1 I I 55 



TABLE 5-3 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 1SSlD 1SSlS 1ssm lSS2S lSS3D 
DEPTH (feet): 1 - 1.5 0 - 0.5 l-1.5 0 - 0.5 l-1.5 
LOCATION: 1SSl 1sst lSS2 lSS2 lSS3 
SAMPLE DATE: llR8Bo llR8lsn llR8iW 11 R8190 llR8t90 
INVESTIGATION: PHl PHl PH1 PHl PHl 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB 
STATUS: 

PESTlClDESlPCBs (W/KG) 

1SSB 

0 - 0.5 
1 ss3 

llRBl90 
PHl 

GRAB 

1ss.c 

0 - 0.5 

1 ss4c 
11Q8lQO 

PHl 

COMPOSITE 
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TABLE 5-3 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
CONSTRUCTlON BATTALION UNIT DRUM STORAGE AREA; NSB-lrlLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 1SSlD 1SSlS lSS20 lSS2S lSS3D 

DEPTH (feet): i-1.5 O-O.5 l-1.5 0 - 0.5 l-1.5 

LOCATION: 1SSl 1SSl lSS2 1 ss2 lSS3 

SAMPLE DATE: 11 R8190 llR8l90 11R8m llR8l90 llR8190 

INVESTIGATION: PHl PHl PHl PHI PHl 

SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB 

STATUS: 
,LI~LIn*.IIFP ,..cI*II\ 

lSS3s 1ssc 

0 - 0.5 0 - 0.5 

lSS3 1 ss4c 

llR8lSNI llRW90 
PHl PHl 

GRAB COMPOSITE 

II.“n”CII.I”Y ,‘.‘ulR”, 

POTASSIUM 255 J 

SELENIUM 0.93 J 

SODIUM 93.2 J 

VANADIUM 16.2 

ZINC 64.9 J 
TOTAL PETROLEUM HYDROCARBONS (MGIKG) 

TPH I 730 I 130 J I 140 I 110 1 98txl I 220 I 1 



TABLE 53 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE DATE: 
INVESTIGATION: 



TABLE 5-3 

SUMMARY OF POSITIVE SOIL 
CONSTRUCTION BATTALION 

SAMPLE NUMBER: 

DEPTH (feet): 
LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

ANALYTICAL RESULTS 
JNIT DRUM STORAGE AREA; NSf3-NLON; GROTON, CONNECTICUT 

lTBlXICO2 1TBlJEOH lTB2-1214 lTB30002 lTB3-0!337 
o-2 6-8 12-14 o-2 5-7 
1TBl 1TBl 1 TB2 lTB3 1 TB3 
01118l94 Olll8l94 O1112B4 01/12/94 01/12/94 
PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 
GRAB GRAB GRAB GRAB GRAB 

II 

I I I 
PESTlClDESlPCBs (UWKG) 

CADMIUM 1.2 J 2.8 J 0.81 J 0.73 J 1.7 J 

CALCIUM . 346OJ 3520 J 1760 J, 4240 J 9130 J 

CHROMIUM 34.1 42.9 19.1 14.7 34.7 

COBALT 6.2 J 9.3 J 6.1 J 4.7 J 9.5 J 

COPPER 115 J 147 J 14.1 J 31.3 J 164 J 

IRON 19100 312cKI 15700 12ooa 15800 

LEAD 104 366 32.4 4.8 207 

MAGNESIUM 2880 6610 3240 2490 2680 

MANGANESE 215 290 165 166 191 

MERCURY 0.21 J 0.18 U 0.15 J 0.47 0.61 
L 



TABLE 53 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
CONSTRUCTlON BATTALION UNIT DRUM STORAGE AREA; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: lTB1-0002 lTBl-0608 lTB2-1214 1783ooo2 lTB3-0507 
DEPTH (feet): o-2 6-8 12- 14 o-2 5-7 
LOCATION: 1TBl 1TBl lTB2 lTB3 lTB3 
SAMPLE DATE: 01118#4 01118194 01112194 Oll12l94 OlHaQ4 
INVESTIGATION: PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB 
STATUS: 

INORGANICSI~AGMG~ 

II II 

E 



TABLE 5-4 
SUMMARY OF POSlTlVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 
CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA; NSB-NLON, GRGTON, CONNECTICUT 

SAMPLE NUMBER: 1SSlS lSS2S lSS3s 

INVESTIGATION: PHl PHl PHl 

SAMPLE DATE: 11/2f3l9O 11t2aQO 1lRBlw 

LOCATION: lSS1 lSS2 lSS3 

SAMPLE TYPE: GRAB GRAB GRAB 
STATUS: 

TCI D MFTAI S IMGII I* . w-. . ..- .-- \*..--, 

BARIUM (100.0/10.0) 0.310 J 0.220 J 0.330 J 

LEAD (5.OtO.15) 0.600 0.300 u 0.300 u 

SELENIUM (1 .M1.5) o.w2o u 0.0021 J 0.0021 u 

l Federal Toxicity Chnderfstk Reguhtoty Level (68 FR 48049)/Connectkut Remediath Standard Poflutant Mobility Criteria for GB waters. 



TABLE 5-5 
SUMMARY OF SOIL ANALYTICAL RESULTS 

x 
SITE 2 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

8 PAGE 1 OF 3 
;; 

Analyte 
SURFACE SOIL (~2 FEET)(l) SUBSURFACE SOIL (~2 FEET)(Z) 

Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maximum 

1 Detection 1 1 Detection 1 Detection 1 I Detection 
VOLATILE ORGANICS (uglkg) 
III, 1 -Trichloroethane O/6 NW l/3 1 lTB3 
2-Butanone 216 15-20 1TBl 213 16-170 lTB3 
Ethylbenzene 216 6-23 lTB3 213 23-79 lTB3 
Meihylene chloride II6 1 1 ss2 l/3 28 lTB3 
Tetrachloroethene l/6 2 lTB3 l/3 4 lTB3 
Trichloroethene l/6 2 lTB3 l/3 3 lTB3 
Xvlenes. total 316 29-300 lSS3 313 I-380 lTB3 
SEMIVOLATILE ORGANICS (uglkg) 
1,4-Dichlorobenzene I l/3 I 110 
2-Methvlnaohthalene 213 252100 

1TBl o/3 I ND 1 
l I 

IAcenaohthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene r 

I I ITBI I l/3 I 12000 I lTB1 
I 013 I ND 213 1 240-2800 1 lTB1 

I 
I I 

35 I lTB3 I o/3 l/3 
213 86-l 90 ITBl 213 500-2800 ITBl 
213 230680 ITBI 213 11 nn-7mn 1TBl --- --- 

1 Benzo(bKluoranthene . II, 
2/i 250-380 lfsl -.- 213 . .-- ---- 100 

850-l 29-2200 1 I 
lTB3 

I 213 440-630 1TBl 313 lTB3 
213 1 180-220 1 1TBl -r 113 I 280 I ITBl 
l/3 I 610 I lTB1 I o/3 ND 
II3 

I 

1;; 
820 lTB3 o/3 ND 
35 lTB3 213 240-700 ITBl 

213 290-I 100 ITBl 213 1600-l 900 

Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butvl benzvl ohthalate 
CarLzole 

I Chrvsene 
IDi-n-butyl phthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 

I l/3 I 970 
I I 

I 1TBl I l/3 I 460 ITBl I 
I II3 I 59 I lTB3 o/3 I ND 

l/3 24 lTB3 113 7500 ITBI 

313 
.-- - ---- .-. 

Fluoranthene 450-l 300 1TBl 313 42-l 3000 ITBI 
Fluorene 213 43-260 1TBl 213 300-3600 ITBI 
Indeno(l,2,3-cd)pyrene 213 200-2 10 lTB3 213 290-950 lTB3 
Naphthalene l/3 930 lTB1 l/3 6500 ITBl 



TABLE 5-5 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 3 

Analyte 
SURFACE SOIL (<2 FEET)(l) SUBSURFACE SOIL (~2 FEET)(P) 

Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maximum 

Detection Detection Detection Detection 
Phenanthrene 
Pyrene 
PESTlClDESlPCBs (uglkg) 

213 410-430 lTB3 313 53-16000 ITBl 
313 370-1400 1TBl 313 37-9000 1TBl 

- -~ 
4,4’-DDD 213 55-390 10 I 1TBl I : 213 24-2100 1TBl 
4,4’-DDE II3 58 ITBI l/3 25 ITBI 
4,4’-DDT l/3 26 1TBl 213 7.9-140 lTB2 
Aldrin o/3 ND II.1 76 ITRI 

, ..- . . . . Alpha-Chlordane 
Aroclor-1248 
Aroclor-1254 
Dieldrin 
Endrin 
Gamma-BHC (lindane) 
Gamma-Chlordane 
Heptachlor 
Heotachlor eDOXide 

-. - . _- . . - -.- 113 28 1TBl l/3 9.9 i-is; 
013 ND l/3 360 lTB3 
l/3 420 ITBI o/3 ND 
l/3 29 1TBl l/3 31 1TBl 

1 I 1TBl I l/3 I 3.5 I lTB1 I l/3 4.’ 
o/3 ND l/3 1.8 1TBl 
l/3 7.6 1TBl o/3 ND 
013 ND l/3 3.4 1TBl 
013 ND l/3 27 1TBl 

313 7110-10100 1TBl 313 7760-l 8900 ITBI 
2 

2/3 
5.3-6.8 lTB1 313 7.4 
2.1-4.8 1TBl 313 3.3-10.2 5.5-l lTB1 1TBl 

313 40.7-75.7 ITBI 313 51.5-93.9 ITBl 
\Bervllium 

I I I I 

I 313 I 0.36-l I 1TBl I 313 I 0.68-l .6 I lTB3 I 
Boron o/2 I ND I 213 1 14.6-19.7 1TBl 
Cadmium 313 0 73-2.1 ISSlC I 33 I n 81-2 6 1TBl 
Calcium 313 lTB3 

-.. _ -. .-- ._ -.- -.-. -.- 
__._. -... 2830-4240 lTB3 313 1760-9130 _ -- 
Chromium 313 14.7-34.1 ITBl 313 19.1-42.9 ITBl 
Cobalt 313 4.7-6.8 1 ss4c 313 6.1-9.5 lTB3 
Copper 313 30.9-l 15 1TBl 313 14.1-164 lTB3 
Iron 3/3 12000-19100 1TBl 313 15700-31200 1TBl 



TABLE 5-5 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 - CBU DRUM STOPAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 3 

Analyte 
SURFACE SOIL (~2 FEET)(l) SUBSURFACE SOIL (>2 FEET)(Z) 

Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maximum 

Barium (100.0/l .O) 313 0.22-0.33 lSS3 NW) 
Lead (5.0/0.015) l/3 0.6 1SSl NA 
Selenium (1.0/0.05) l/3 0.0021 lSS2 NA 
TOTAL PETROLEUM HYDROCARBONS (mglkg) 

ITPH I 818 1 110-9800 1 lSS3 I 313 I 41-7510 I ITBI I 

1 Includes samples ISSlS, lSSlD, lSS2S, lSS2D, iSS3S, lSS3D, lSS4C, lTBl-0002, lTB3-0002. 
2 Includes samples lTBl-0608, lTB2-1214, and lTB3-0507. 
3 ND - Not Detected. 
4 Federal Toxicity Characteristic Regulatory Level (58 FR 46049)/ 

Connecticut Clean-up Standard Pollutant Mobility Criteria for GAlGAA Waters. 
5 NA - Not Analyzed. 



TABLE 5-6 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: lGw2S lGW2S lGW2S2 lGW2.S.2 

INVESTIGATION: PH2-1 PH2-1 PH2-2 Pt-l2-2 

SAMPLE DATE: 03120194 0312Ol94 06/26l94 06l26l94 Ii 
LOCATION: 1 MWZS 1 MWZS 1 MWZS 1 MW2S 
SCREEN DEPTH: Shallow Shallow Shallow Shallow 
FILTERING: Unfiltered Filtered Unfiltered Filtered 

VI-II ATll FS fllr.fl 1 

II II 

- --. . .--- \--.-, 
CHLOROBENZENE I 12 I I 10 u I I I I 
XYLENES TOTAL _ I-_-- 24 10 u 
SEMIVOLATILES (UG/L) . 

MAGNESIUM 4290 4320 !5400 5220 

MANGANESE 409 406 527 520 
POTASSIUM 3490 2940 3930 4060 
SILVER 2.0 UJ 3.9 u 1.0 u 2.2 

SODIUM 17400 17900 26300 27600 



TABLE 5-6 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 
FILTERING: 

PH2-1 

O3l2W94 
1 Mw2s 
Shallow 

Unfiltered 

lGw2S 

PH2-1 

03l2Ql94 
1 Mwzs 
Shallow 

Filtered 

lGw2S-2 

PH2-2 

06ml94 
1 MW2S 
Shallow 

Unfiltered Filtered 
I I I 1’ I 

1 

INORGANICS (N/L) 

ZINC I 9.8 u I 12.4 I 8.0 I 2.8 I I I 
TOTAL PETROLEUM HYDROCARBONS (UG/L) 

1 

TPH I 5OOU 1200 
MISCELLANEOUS PARAMETERS (iiii%/L) 

1 I I I I I I 
HARDNESS as CaC03 I 96 I I 180 I I I I 1 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA; NSBHLON, GROTON, CONNECTICUT 

E 

c 

c 
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TABLE 5-7 

CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern 

Chlorobenzene 

Exposure Concentration(‘) 

Surface Soil All Soil Groundwater 
(w/W OWW OWL) 

NAt2’ NA 0.009(3) 

Benzo(a)anthracene I NA 1 1.1/2.3 NA 

Benzo(b)fluoranthene I 1.212.2 I 

Benzo(a)pyrene I 0.3210.38 I 0.65/1.1 I 

Carbazole I 0.013(3) 

Indeno(l,2,3-cd)pyrene I NA I 0.41/0.95 I NA 

4,4'-DDD I 1.5/3.9 I 

Aroclors I 0.30/0.42 I 0.51/0.78 I 

Antimony I 10.3p7.4 I 

Arsenic 

Beryllium I 0.68/1.0 I 0.96/1.6 I 

Chromium I 31.6142.9 I 

Manganese 191/215 I 216/290 I O~l68(~' 

Vanadium 103/186 I 71.6/186 I 

1 UCL if single concentration presented, otherwise average for CTE and maximum 
for RME. For groundwater, maximum is defined as the highest average 
concentration in a single well and average is defined as the overall average 
concentration of all well-specific averages. 

2 NA - Not applicable. Chemical is not a chemical of concern for this medium. 
3 Maximum. Average exceeds maximum. 

5-39 D-01-95-10 CT0 129 



TABLE 5-8 

ESTIMATED RISKS”’ 
SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Exposure Route 

Incidental Ingestion of Soil 

Dermal Contact with Soilt4) 

Dermal Contact with Groundwater 

Cumulative Risk: 

Hazard Index Incremental Cancer Risk 

Older Child 
Trespasser 

Construction Worker 
Older Child 
Trespasser 

Construction Worker 

RME”’ CTEA’ RME CTE RME CTE RME CTE 

6.8E-2 5.3E-3 2.1 E-l 3.5E-2 1.8E-6 3.8E-8 6.6E-7 1 .OE-7 

3.OE-2 9.4E-4 4.2E-2 1.8E-3 1.8E-7 8.lE-10 2.4E-8 52E-10 

NAt5) NA 1 .OE-1 6.9E-2 NA NA 3.3E-8 2.2E-8 

9.8E-2 8.2E-3 3SE-1 l.lE-1 2.OE-6 3.9E-8 6.8E-7 1 .OE-7 

1 Chemical-specific risks presented in Appendix F.4. 
2 RME - Reasonable Maximum Exposure. 
3 CTE - Central Tendency Exposure. 
4 Quantitative evaluation performed for cadmium, PCBs, and dioxins (ii detected). 
5 NA - Not applicable; exposure route not evaluated for this receptor. 
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TABLE 5-9 
ECOLOGICAL CHEMICALS OF CONCERN 

SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Manganese NA NA NA NA X NA NA NA 

Mercury X X NA NA NA NA NA NA 

Nickel X NA NA NA NA NA NA NA 

Vanadium X X X NA X X NA NA 

Zinc X X NA NA X NA X X 

Notes 1) NA - not applicable. Chemical is not chemical of concern for this receptor. 
2) X - Chemical of concern for this receptor. 

D-01-95-10 5-41 CT0 129 
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TABLE 5-10 

HAZARD QUOTlENTS FOR TERRESTRIAL VEGETATION 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Aluminum 2.OE+2 

Vanadium 9.3E+l 

Chromium 3.4E+l 

Zinc 

Lead 

Mercury 

Antimony 

Copper 

Nickel 

9.2E+O 

2.1E+O 

1.6E+O 

1.4E+O 

1.2EtO 

l.lEtO 

D-01-95-10 5-42 CT0 129 
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TABLE I1 1 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MEAN CONCENTRATIONS 
SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

I Chemical of Concern Hazard Quotient 

Aluminum 1.7Et2 

Vanadium 5.2Etl 

Chromium 

Zinc 

2.4E t 1 

5.OEtO 

I Antimony 
I 

1.2E+O 
I 

Lead 

Mercury 

l.lEtO~ 

l.lEtO 

D-01-95-10 5-43 CT0 129 



TABLE 5-12 

HAZARD QUOTIENTS FOR SOIL INVERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

I Chemical of Concern I Hazard Quotient * I 

I Copper I 3.8EtO -~7 
I Lead I 1.8E+O I 

I Chromium I 1.4EtO I 

D-01-95-10 5-44 
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TABLE 5-13 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 1 - CBU DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

qeceptor 

ihort-Tailed Shrew 

led-Tailed Hawk 

Chemicals of 
Concern 

Vanadium 
Antimony 
Chromium 
Arsenic 
All others 
Total Receptor HI 

Pathway 

Soil 
Food 
Water 
Chemicals of 
Concern 

4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
Antimony 
All others 
Total Receptor HI 

Pathway 

Soil 
Food 
Water 

Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

4.OE+2 63.2 
1.2E+2 19.4 
3.3E+l 5.3 
1.7E+l 2.7 
5.9E + 1 9.4 
6.3E+2 

Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

3.7E+2 58.4 
2.6E+2 41.6 
O.OE+O 0.0 

Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

4.2E+2 96.4 
6.3E+O 1.4 
2.8E+O 0.6 
2.8E+O 0.6 
4.2E+O 1.0 
4.4Et2 

Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

7.6E + 1 17.2 
3.6E+2 82.8 
O.OEtO 0.0 

D-01 -95-l 0 5-45 CT0 129 
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TABLE 5-14 
-WI+ 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MEAN CONCENTRATIONS 

SITE 1 - CONSTRUCTION BAlTALlON UNIT DRUM STORAGE AREA 
NSB-NLON, GROTON, CONNECTICUT 

Ieceptor 

short-Tailed Shrew 

led-Tailed Hawk 

Chemicals of Concern Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

Vanadium 2.2Et2 58.8 
Antimony l.lEt2 29.0 
Chromium 2.4E t 1 6.4 
Lead 6.7EtO 1.8 
All others 1.5E+l 4.0 
Total Receptor HI 3.7Et2 
Pathway Total HI per Pathway % Contribution of Pathway to Total 

Receptor HI 

Soil 2.2Et2 58.3 
Food 1.5Et2 41.7 
Water O.OEtO 0.0 

Chemicals of Concern Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

4,4’-DDD 2.1Et2 95.0 1 
4,4’-DDE 
Antimony 
4,4’-DDT 
All others 
Total Receptor HI 
Pathway 

Soil 
Food 
Water 

4.2EtO 1.8 
2.5EtO 1.1 
2.4EtO 1.1 
2.2EtO 1.0 
2.2E+2 

Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

I 

3.9E+l I 17.6 
1.8Et2 

I 
82.4 

O.OE+O 0.0 

D-01-95-10 5-46 CT0 129 
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NOTES: 
I. UNDERGROUND UTILITY LOCATIONS ARE APPROXIMATE. 
P _. BASE MAP AND UTILITY INFORMATION FROM MAPS OF 

NSB-NLON AND PHASE II RI WORK PLAN. 

SCALE IN FEET 

LEGEND 

_;___. 

LAREA A 
LANDFILL 
BOUNDARY 

VIEW=PLOT CBUSl.LAY 

FIGURE 5-2 
SAMPLING LOCATIONS 

CBU DRUM STORAGE AREA 
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RGROUND UTILITY LOCATIONS ARE APPROXIMATE. 
MAP AND UTILITY INFORMATION FROM MAPS OF 

NSB-NLON AND PHASE II RI WORK PLAN. 
3. POTENTIOMETRIC SURFACE FOR WATER LEVELS 

SCALE IN FEET 

FIGURE 5-3 
WES PHASE I MONITORING WELL SHALLOW OVERBURDEN 

MW2S PHASE II MONITORING WELL 
--sru+- STORM SEWER AND POTENTIOMEIRIC SURFACE MAP 

CATCH BASIN CBU DRUM STORAGE AREA 
EXPOSED BEDROCK 
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NOTES: 
1. UNDERGROUND UTILITY LOCATIONS ARE APPROXIMATE. 
2. BASE MAP AND UTILITY INFORMATION FROM MAPS OF 

NSB-NLON AND PHASE II RI WORK PLAN. 

-...- 
PHASE II TEST BORING --rm-Cb SrORM SEWER ANC 
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D-01-9510 5-50 
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6.0 AREA A LANDFILL - SITE 2 

This section provides a site-specific summary of various aspects of the Area A Landfill investigation. 

Section 6.1 provides a brief site description. The sampling and analysis program is summarized in 

Section 6.2. Section 6.3 discusses site physical features. The nature and extent of contamination is 

discussed in Section 6.4. Contaminant fate and transport is summarized in Section 6.5. Section 6.6 

provides the baseline human health risk assessment and Section 6.7 provides the ecological risk 

assessment, and Section 6.8 includes a comparison to state standards. Section 6.9 provides a summary 

and conclusions. 

6.1 SITE DESCRIPTION 

The Area A Landfill is located in the northeastern and north-central section of NSB-NLON and encompasses 

approximately 13 acres. The general configuration of the Area A Landfill and adjacent sites is shown on 

Figure 6-l. The location of the Area A Landfill is shown on Drawing 1 (Volume Ill). Access to the landfill 

is via a dirt road off Wahoo Avenue. The thickness of the landfill materials is estimated to be 10 to 20 feet 

based on test boring data. The Area A Landfill is a relatively flat area bordered by a steep, wooded hillside 

that rises to the south, a steep wooded ravine to the west, and the Area A Wetland to the north. Aerial 

photographs show that the landfill appears to extend east along the wetland as far as a recreational area 

(tennis courts). A review of aerial photographs also appears to indicate that the most filling occurred within 

the eastern and western limits of the landfill. Current photographs of the site are included in Appendix 8.3. 

According to the IAS report, the landfill opened sometime before 1957. However, a 1957 aerial photograph 

shows no apparent landfilling which may indicate a somewhat later startup date. All materials generated 

by base operations that were not salvageable were incinerated, and the residues were disposed in the Goss 

Cove and Area A Landfills. The base incinerator, which was located north of the Lower Subase along the 

waterfront at the present location of Building 478, ceased operation in 1963. From 1963 to 1973 all refuse 

and debris were disposed in the Area A Landfill. As reported in Section 5.2.1 of Volume I of the draft 

Historical Radiological Assessment (HRA), on-site disposal of solid radioactive waste attributed to the Naval 

Nuclear Propulsion Program (NNPP) has been prohibited since the inception of the Program. Based on 

records, established policy, and interviews, the potential for NNPP radioactive material having been disposed 

onsite is considered to be effectively zero. The possibility of general radioactive material (G-RAM) having 

been disposed onsite is addressed in Section 52.3, page 5-6, of draft HRA Volume II: “Although unlikely, 

given what is known about the material used for fill, small amounts of G-RAM incorporated in consumer 

D-01-95-10 6-l CT0 129 
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products (e.g., radioluminescent exit signs, smoke detectors, etc.) could have been disposed with other 

industrial material in the DRMO, Area A Landfill, or Goss Cove Landfill areas.” It Is not expected that the 

potential for G-RAM radioactivity in these former landfills would vary substantially from that in commercial 

landfills operated for typical civilian use. 

The area fill method was reportedly used in landfill operations. New refuse was dumped from the face of 

previously deposited refuse and covered with earth. The cover material used on the landfill was sand and 

gravel obtained from the Groton water supply reservoir. Landfilling operations ceased in 1973. After 

closure, a concrete pad was constructed in the southwest portion of the landfill for above-ground storage 

of industrial wastes. The pad is still in existence and is located adjacent and to the northeast of 

Building 373, and south of the dirt road that extends through this area. At the time of the IAS, 42 steel 

drums, 87 transformers (mineral oil and PCB), and 60 to 80 electrical switches were stored on the pad. Two 

transformers and several electrical switches were reportedly leaking. Past leakage of oil was also evident. 

Most drums were stacked on wooden pallets and those having PCB labels were covered and bound with 

plastic sheeting. All of these materials have since been property disposed off site. 

The IAS report also indicated that refuse, including steel drums, oxygen candles, wood and metal scrap, 

concrete, and tires, was exposed at the edge of the landfill adjacent to the wetland. The IAS report stated 

that petroleum compounds had recently been poured from containers and had flowed into the wetland at ui 
two locations (northwestern portions of the landfill). The IAS report also stated that when batteries were 

overhauled, spent sulfuric acid solution was transferred to barrels and transported to Area A for disposal. 

The acid was poured into trenches dug with a bulldozer and subsequently covered with soil. 

Atlantic personnel performed an inspection of the Area A Landfill on September 30, 1988. Orange leachate 

was observed along the toe of the slope of the landfill extending from the dike to the east end of the 

deployed parking lot. The slope of the landfill had been covered with fill, and material in the landfill was not 

visible. 

Sand bags, salt, and contractors’ supplies and equipment are stored at the former landfill. Several 

transformers, removed underground storage tanks, crane weights, and other equipment were previously 

stored on the concrete pad in the southwest portion of the landfill. The remainder of the landfill is not 

paved. The construction of a paved parking lot on the southeast end of the Area A Landfill was planned 

but has been delayed indefinitely. 

A low permeability cap will be installed on the Area A Landfill as an interim remedial action for soils at the 

site. The cap would consist of a bedding / gas management layer underlying a double liner, a drainage 
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F. layer above the double liner, and an operating surface in selected areas at the top. The remedial action 

would also include the installation of a surface water and groundwater interception trench along the southern 

border (upgradient) of the site. A toe drain may also be installed along the interface of the Area A landfill 

and the Area A Wetland to stabilize the cap and to intercept shallow groundwater before discharging to the 

Area A Wetland. 

Pre-design study activities are currently being conducted to determine the extent of the area to be capped, 

and to determine if a leachate collection system is needed. 

6.2 SITE INVESTIGATIONS 

Section 2.0 includes a detailed discussion of the sampling procedures and analytical methods employed 

during the investigations at NSB-NLON. Sample locations (Phase I RI, Phase II RI, and FFS) are depicted 

on Figures 6-2 and 6-3. The remainder of this section summarizes the scope of the Phase I RI, Phase II RI, 

and FFS investigations. 

6.2.1 Phase I RI 

The Phase I RI of the Area A Landfill consisted of test borings, monitoring well installation, and soil and 

groundwater sampling. Nine subsurface soil samples (greater than 2 feet deep) plus one field duplicate were 

collected from one test boring and seven monitoring well borings at the site. Five surface soil samples (less 

than 2 feet deep) plus one field duplicate were also collected and analyzed. Landfill materials were 

encountered during drilling, generally to an average depth of 10 to 12 feet. Landfill materials encountered 

included glass, brick, wood, plastic, and ash, intermixed with sand and gravel material used as cover. 

Twelve groundwater samples (plus two field duplicates) were collected from five shallow and twelve deep 

monitoring wells. Sample locations are shown on Figures 6-2 and 6-3. Table 6-l displays a sample-specific 

summary of the sampling and analysis program for the Phase I RI. 

6.2.2 Phase II RI 

c- 

During the 1994 Phase II RI, soil samples were collected from two test borings located near Building 373. 

Each of the three surface and seven subsurface samples collected from these borings was analyzed for 

PCBs using a field gas chromatograph. One surface and one subsurface sample were also analyzed for 

dioxins (fixed-base laboratory). Twenty-seven groundwater samples were collected in March, 1994 during 

Round 1 of the Phase II RI groundwater sampling; 5 samples were collected from newly installed wells and 

22 samples were obtained from wells installed during previous investigations. Eight of the groundwater 
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samples were collected during a 4day pumping test, as described in Section 2-2, from well 2LPWl S. Eight 

of these wells were sampled during a second groundwater sampling event in August, 1994 for a total of 14 

samples plus one field duplicate. Sample locations are shown on Figures 6-2 and 6-3. Table 6-2 presents 

a sample-specific summary of the sampling and analysis program for the Phase II RI. 

6.2.3 Focused Feasibility Study 

Ten surface soil samples (plus one field duplicate) and ten subsurface soil samples (plus two field 

duplicates) were initially collected during the Focused Feasibility Study (FFS). Three additional subsurface 

soil samples (LF-SB03, LF-SB04, and LF-SB05) were collected in a supplemental sampling round to support 

the FFS. Samples of the concrete pad were also collected during the FFS from four areas where evidence 

of staining was observed. Sample locations are shown on Figures 6-2 and 6-3. Table 6-3 presents a 

sample-specific summary of the sampling and analysis program for the FFS. 

6.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Area A Landfill based on information 

generated during the Phase I and Phase II Rls. Topography and surface features, surface water, soils, 

geology, and hydrogeology are discussed in the subsections that follow. 

6.3.1 Topography and Surface Features 

Figure 6-l shows the topography and surface features of the Area A Landfill and adjacent sites, including 

the Area A Wetland and Area A Weapons Center. The ground surface slopes gently across the Area A 

Landfill toward the Area A Wetland. A steep hillside (central bedrock high) borders the southern edge of 

the landfill. The CBU Drum Storage Area is located south and on the upgradient edge of the western portion 

of the landfill. Near the northwestern edge of the landfill, the ground surface drops along a steep ravine and 

dike to the OBDA. The ground surface increases in elevation to the northeast from the tennis courts to 

Route 12 and Baldwin Hill. The ground surface elevation across the landfill from upgradient to 

downgradient edge ranges from approximately 90 to 80 feet msl. Adjacent to the toe of the landfill, the Area 

A Wetland ground surface is at an elevation of approximately 72 feet msl. 

Sand and gravel was used as cover material for the Area A Landfill. A concrete pad is located in the 

southwest portion of the site and is adjacent to Building 373 and south of the dirt entrance road. The 

remainder of the landfill is not paved. A gravel parking lot is located in the central portion of the landfill 
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h 
(deployed parking). A paved parking lot was planned for construction at the southeast end of the landfill. 

However, construction of the parking lot has been delayed indefinitely. 

6.3.2 Surface Water Features (Atlantic, August 1992) 

Runoff from the Area A landfill drains as overland flow north into the Area A Wetland, which subsequently 

discharges to the Area A Downstream Watercourses and ultimately into the Thames River. 

6.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at most of the Area A Landfill as Udorthents-Urban land. 

This soil type is defined as excessively drained to moderately drained soils that have been disturbed by 

cutting and filling. Along the southwestern slope of the landfill and In upgradient areas, the soil is classified 

as the Hollis-Charlton-Rock complex. Stones and boulders are intermingled with a dark, fine, sandy loam. 

Bedrock outcrops are prevalent in the area. 

6.3.4 Geology 

-- 
The Area A Landfill contains 10 to 20 feet of miscellaneous fill that consists of fine- to coarse-grained sand 

and gravel as well as refuse including ash, wood fragments, paper, brick fragments, and asphalt. The fill 

is generally underlain by 10 to 20 feet of dredge spoil. Where no dredge spoil underlies the fill material, the 

fill material directly overlies a thin alluvial layer or the bedrock surface. Dredge spoil is encountered mainly 

beneath the easternmost portion of the landfill. Along the southeastern border of the landfill, the fill material 

is underlain by an alluvial layer, consisting of silty sand. The alluvial layer is underlain by gravel and gneiss 

boulders. Boulders were also identified outside of the eastern edge of the landfill at well cluster 2LMW19. 

The bedrock surface across the Area A Landfill is depicted on Drawing 4 (Volume Ill). Geologic conditions 

are shown on cross-sections E-E’ and G-G’ on Drawings 19 and 20, respectively (Volume Ill). 

The bedrock beneath the Area A Landfill has been identified as the biotite-quartz-feldspar gneiss of the 

Mamacoke Formation. Quartzite was identified at a depth of 80 feet in the 2LMW20D boring log. This is 

consistent with the existence of quartzite layers within the Mamacoke Formation. The bedrock surface 

slopes to the northeast towards the Area A Wetland from the large central bedrock high in the center of the 

facility. The landfill is situated along the flank of the bedrock ridge such that the depth to bedrock increases 

to the northeast. In the western portion of the site, the landfill is situated immediately adjacent to the hillside 

and the depth to bedrock is typically less than 20 feet, whereas in the eastern portion the landfill is located 
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further out from the hillside and the depth to bedrock increases to 70 feet. There appears to be a localized 

bedrock depression at 2LMW8D; however, there are insufficient data to verify the extent of the depression. 

6.3.5 Hvdrogeoloqv 

Groundwater was encountered within the dredge spoil, alluvium, and bedrock underlying the Area A Landfill. 

In some areas, the bottom portion of the fill materials are also below the water table. Depth to groundwater 

averages about 10 feet across the landfill. The saturated thickness of the overburden materials ranges from 

less than 10 feet to at least 65 feet across the landfill. 

Figure 6-4 shows shallow overburden groundwater contours across the Area A Landfill, Area A Wetland, and 

Area A Weapons Center site map. Groundwater flows northeast across most of the Area A Landfill, from 

the topographic/bedrock high to the Area A Wetland. Figure 6-5 shows bedrock groundwater flow contours 

for the same area. Both maps show a similar groundwater flow pattern, indicating an overall hydraulic 

connection between the two units. Upward groundwater gradients from the bedrock to the overburden/fill 

are predominant, although a downward gradient exists at the 2LMW18 well cluster, the bedrock elevation 

is lower and the overburden is thicker. Hydraulic potentials between the bedrock and overburden 

groundwater at the 2LMW7,2LMW8,2LMW17,2LMWl8, and 2LMW20 well clusters differ by 3 to 7 feet. This 

suggests that although groundwater flow directions in the bedrock and overburden are similar, the degree 

of hydraulic connection varies spatially and there is restriction of flow between the overburden and bedrock 

in some areas. 

East of the Area A Landfill, near the 2LMW19 and 2WMW3 well clusters, local groundwater flow is to the 

north and west into the Area A Wetland. Groundwater elevations in the bedrock and overburden are similar, 

and vertical gradients are minimal. 

In the western portion of the Area A Landfill near the dike, groundwater flows to the northwest toward the 

Area A Downstream Watercourses. At the 2LMW9 well cluster, the groundwater elevation in the overburden 

is relatively high, presumably as a result of the presence of the dike acting as a damming effect on the 

shallow groundwater. In the bedrock, the groundwater potential is significantly lower when compared to 

the groundwater potential in other bedrock wells at the Area A landfill, reflecting a hydraulic connection and 

flow to the Area A Downstream Watercourses. 

This abnormally low bedrock groundwater potential may be hydraulically connected to a groundwater 

discharge seep that is present at the toe of the OBDA. The seep, which is located at an elevation that would 

correspond with groundwater to the bedrock, may be acting to dewater the local bedrock. 
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Cross-section G-G’ shows the groundwater flow directions from the bedrock high (4MW4 well cluster) 

northeast toward the Area A Wetland and northwest toward the Area A Downstream Watercourses. Cross- 

section E-E’ shows the groundwater flow from the Area A Landfill toward the Area A Wetland. 

A pumping test was performed using well 2kPWl S as a pumping well. Results from the test are presented 

in Table 4-2 (Section 4.6.2). Estimated hydraulic conductivities based on the pumping test are 3.5 feet/day 

(1.2E-3 cm/set) at 2LOWlS and 2.1 feet/day (7.4E-4 cm/se@ at well 2LOW2S. The geometric mean of 

these two values is 2.7 feet/day (9.5E-4 cm/set). Slug tests performed during the Phase I RI indicate that 

the hydraulic conductivity for the combined fill material and dredge spoil was 3.2 feet/day (1 .l E-3 cm/set). 

The estimated hydraulic conductivity for the dredge spoil alone was 1.0 feet/day (3.5E-4 cm/set). This 

hydraulic conductivity testing data suggests that the dredge spoils have a somewhat lower hydraulic 

conductivity than the fill materials. 

Based on the August 1993 round of water level measurements, the hydraulic gradient across the landfill in 

the overburden is 0.033. The geometric mean hydraulic conductivity is 2.7 feet/day (Table 43). Assuming 

a 30 percent effective porosity, the average seepage velocity is estimated at 0.3 feet/day. 

-. 6.3.6 Ecological Habitat 

The Area A Landfill presents a generally inhospitable environment due to its gravel cover, the pavement 

covering the concrete pad and proximity to areas of high human activity (e.g., the Area A Weapons Center). 

However, the Area A Landfill does border areas that do represent potential wildlife habitat. A steep, wooded 

hillside rises to the south of the landfill, a steep wooded ravine is located immediately to the west, and the 

Area A Wetland is located to the north (BRE, February 1995). While the Area A Wetland does provide cover 

and potential habitat, the wetland is dominated by Phragmites sp., which limits the wetland’s habitat value 

to wildlife. The hillside and the ravine south of the Area A Landfill is characterized as upland deciduous 

forest. Species dominating these areas include red/black oak, black birch, red maple, mockernut hickory, 

sassafras, mountain laurel, and witch hazel (Atlantic, 1992). 

6.4 NATURE AND EXTENT OF CONTAMINATION 

This section contains a discussion of the nature and extent of contamination at the Area A Landfill. The 

chemical analytical results from both the Phase I and Phase II Rls and the FFS are summarized in this 

section. The complete data base is contained in Appendix D.2. 
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6.4.1 soil 

4 

Positive results for all soil samples are presented in Table 6-4. TCLP results are presented in Table 6-5. The 

analytical results are summarized in Table 6-6. 

-- 
A few volatile organic compounds, including two ketones, four monocyclic aromatics, and three halogenated 

aliphatics were infrequently detected in surface soil samples. Sample 2LSSl (O-6 inches), collected from 

an area about 200 feet east of Building 373 and adjacent to the northeast corner of the concrete pad, 

contained high concentrations of three monocyclic aromatic hydrocarbons (ethylbenzene at a concentration 

of 14,000 pg/kg, xylenes at 75,000 pg/kg, and chlorobenzene at 4,500 pg/kg). These results may indicate 

the possible occurrence of a recent spill. These compounds were not prevalent in the groundwater samples 

collected in the area, as discussed in the next section. With the exception of chlorobenzene (43 pg/kg) in 

sample 2LSS2, all other volatile compounds were detected at concentrations of 16 pg/kg or less. 

Several PAHs were detected in from one to eight surface soil samples, with pyrene being detected most 

frequently and at the highest concentration (1,100 pg/kg in 2LSS2). Maximum concentrations for seven of 

nine PAHs were found in sample 2LMW9. Bis(2-ethylhexyl)phthalate and di-n-butylphthalate were also each 

detected in one sample. 

Surface soil sample 2LSS2 contained relatively high concentrations of 4,4’-DDT (2,300 pg/kg) and 

Aroclor-1260 (12,000 pg/kg) as well as endrin ketone (570 pg/kg). Aroclor-1260 and 4,4’-DDT were 

detected in from two to six additional samples at concentrations ranging from 230 pg/kg to 350 pg/kg and 

from 6.8 pg/kg to 110 pg/kg, respectively. Several other pesticides and PCBs, with concentrations ranging 

from 0.56 pg/kg to 490 pg/kg, were also detected in from one to seven of the surface soil samples. 

Octachlorodibenzo-p-dioxin (OCDD) wasdetected in surface soil samplePLTB13-0001 (2.5 pg/kg), collected 

during Round 2 of Phase I, and again in surface soil sample 2LTB13(0-2) (1.592 pg/kg), collected during 

the FFS. No other dioxins or furans were detected in the surface soil samples. 

Several metals were detected at concentrations greater than NSB-NLON background in the surface soils. 

Some of the most notable exceedances were copper, lead, nickel, and zinc, all of which were found at 

maximum concentrations approximately an order of magnitude greater than the representative background 

concentrations. No consistent pattern of metals contamination was evident; the maximum concentrations 

of metals in the surface soils were found in samples collected from several different locations. 
-w 
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--- Arsenic, barium, cadmium, chromium, lead, and selenium were detected in the TCLP leachates of surface 

soil samples, with maximum concentrations most often found in the leachate of sample 2LTB18. (Of the 

surface soil samples analyzed for TCLP metals, sample 2LTB18 generally also contained the highest 

concentrations of metals prior to TCLP extraction.) Maximum concentrations of all TCLP metals were below 

Federal Toxicity Characteristic Regulatory Levels, but several concentrations of cadmium and lead exceeded 

Connecticut remediation standards for pollutant mobility for GB waters. 

Figure 6-6 provides a graphic presentation of concentrations of fuel-related compounds (toluene, 

ethylbenzene, and xylenes), 4,4’-DDT and its related pesticides, total PCBs, and represent entire metals 

(lead, copper, and zinc) detected in surface soil samples. 

Several volatile organic compounds were detected in subsurface soil samples. Four monocyclic aromatic 

compounds were detected at relatively high concentrations in the 4- to 8-foot deep sample from boring 

2LTB23 (chlorobenzene at 4,500 pg/kg, ethylbenzene at 28,000 pg/kg, toluene at 3,200 pg/kg, and xylenes 

at 140,000 pg/kg). The boring is located near the east side of the concrete pad. Wiih the exception of 

chlorobenzene, these monocyclic aromatics were also detected at substantially lower concentrations in from 

four to seven other subsurface soil samples. Ethylbenzene and xylenes were detected in the subsurface 

soil sample from boring 2LTB20, located approximately 30 feet northeast of Building 373, at concentrations 

of 7,700 fig/kg and 8,800 pg/kg, respectively. Concentrations of ethylbenzene in the remaining subsurface 

soil samples ranged from 15 pg/kg to 68 pg/kg; concentrations of toluene ranged from 6 pg/kg to 

27 pg/kg; and concentrations of xylenes ranged from 4 pg/kg to 690 pg/kg. 1 ,1,2,2-Tetrachloroethane, 

1,1,2-trichloroethane, and trichloroethene were each detected in subsurface soil sample 2LMW14S at 

concentrations of 22 pg/kg or less. 4-Methyl-2-pentanone and carbon disulfide were detected in subsurface 

soil sample 2LMW18S at concentrations of 12 pg/kg or less. Carbon disulfide was also detected in 

subsurface soil sample LF-SB03 at 8 pg/kg. Acetone and methyiene chloride were also detected in a few 

subsurface soil samples. 

.- 

Several of the subsurface soil samples also contained PAHs, with a majority of the maxima found in sample 

2LTB20. Maximum concentrations of PAHs ranged from 220 pg/kg to 61,000 pg/kg (phenanthrene). 

2,4-Dimethylphenol, 4-methylphenol, bis(2-ethylhexyl)phthalate, carbazole, and di-n-butyl phthalate were also 

detected in from one to five samples. 

Several pesticides and PCBs were detected in subsurface soil samples, with 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, 

and Aroclor-1254 being detected most frequently. Many of the maximum concentrations were detected in 
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samples 2LTB23 and 2LTB29 (located approximately 40 and 89 feet, respectively, east of the concrete pad) 

with concentrations as high as 100,000 pg/kg (Aroclor-1254 in 2LTB23). 

OCDD was detected at a concentration of 1.7 pg/kg in the subsurface soil sample 2LTB23-0406, collected 

during Round 1 of the Phase II RI. OCDD (1.626 pg/kg) as well as three furans (1,2,3,4,6,7,8-HpCDF at 

0.246 pg/kg,’ 1,2,3,4,7,8-HxCDF at 0.306 pg/kg, 1,2,3,6,7,8-HxCDF at 0.153 pg/kg) were detected in 

subsurface soil sample 2LTB23 (4-8) collected during the FFS. 

The highest concentrations of half of the detected metals were found in the subsurface soil sample 2LTB22 

(6 to 8 feet). The boring log indicates that this sample was collected in fill material. Concentrations of most 

metals exceeded background with several metals, including antimony, barium, boron, chromium, cobalt, 

copper, lead, mercury, nickel, silver, and zinc, exceeding background by more than an order of magnitude. 

No pesticides were detected in the TCLP extracts of subsurface soil samples. Several metals were detected 

in TCLP extracts of subsurface soil samples. All maximum concentrations were below the Federal toxicity 

characteristic regulatory levels. Cadmium and lead, however, were detected at concentrations that 

exceeded the Connecticut remediation standards for pollutant mobility. 

Figure 6-7 provides a graphic presentation of concentrations of fuel-related compounds (toluene, 

ethylbenzene, and xylenes), 4,4’-DDT and its related compounds, total PCBs, total carcinogenic and total 

noncarcinogenic PAHs, and representative metals (lead, copper, manganese, and zinc) were detected in 

subsurface soil samples. 

-* 

6.4.2 Pavement 

Positive results for the four pavement samples are provided in Table 6-7. The results are summarized on 

Table 6-8. 

Several pesticides and Aroclor-1260 were detected in the pavement samples. Heptachlor epoxide was 

detected in all four samples, and DDT and endrin were both detected in all samples except 2LC2. The 

remaining pesticides and Aroclor-1260 were each detected in one or two samples. Sample 2LC3 contained 

the maximum concentrations of most pesticides including DDT (550 pg/kg), alpha-BHC (21 pg/kg), dieldrin 

(160 &kg), endosulfan II (440 pg/kg), endosulfan I (78 pg/kg), endrin (15 pg/kg), endrin ketone 

(130 pg/kg), and heptachlor epoxide (330 pg/kg). Aroclor-1260 was detected in samples 2LC2 and 2LC4 
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=f- at concentrations of 490 pg/kg and 340 pgjkg, respectively. All other detections of pesticides/PCBs were 

at concentrations of 12 pg/kg or less. 

6.4.3 Groundwater 

Positive analytical results for all groundwater samples are presented in Table 6-9. Results for the Phase I RI 

samples are summarized in Table 6-10; results for samples collected during Rounds 1 and 2 of the 

Phase II RI are summarized in Tables 6-11 and 6-12, respectively. 

:- 

Various organics were detected in the Phase I RI groundwater samples. The highest concentrations were 

detected in the sample collected from shallow well PLMWl8S which is located in the central portion of the 

landfill. This sample contained 9.5 lug/L benzene, 180 ,ug/L chlorobenzene, 115 pg/L ethylbenzene, 

730 kg/L xylenes, as well as various dichlorobenzene isomers, three phenols, 1,2,4-trichlorobenzene, two 

phthalate esters, two relatively soluble PAHs (naphthalene and 2-methylnaphthalene) and Aroclor-1254 

(140 pg/L). Benzoic acid (4 pg/L) was also detected in one shallow well (2LGW9S). Deep well 2LMW13D, 

which is located near the northern edge of the landfill, contained three volatile organic chemicals 

(1 ,1,2,2-tetrachloroethane (140 pg/L), 1,2dichloroethene (1 pg/L), and trichloroethene (10 pg/L), and deep 

well 2LMWl8D contained bis(2-ethylhexyl)phthalate (6 pg/L). No other organic compounds were detected 

in the deep wells. Maximum concentrations of most metals in shallow wells were also found in well 

2LGWl8S, while maxima in deep wells were most often found in wells 2LGW9D and 2LGW14D. 

Based on the levels of uncertainty reported with results (i.e., uncertainty levels are greater than results 

themselves) for gross alpha in all shallow well samples except 2LMW17S and for gross beta in sample 

2LMW17S, gross alpha and gross beta are considered as not detected in these samples. Likewise, gross 

alpha is considered as not detected in all deep well samples except 2LMW9D, 2LMW13D, and 2LMW170, 

and gross beta is considered as not detected in sample 2LMW8D. Wiih this in mind, gross alpha was 

detected at 3.3 pCi/L in sample 2LMW17S, and gross beta was detected in shallow well samples at 

concentrations ranging from 3.7 pCi/L to 54.05 pCi/L. Gross alpha was detected at concentrations ranging 

from 2.9 pCi/L to 17.9 pCi/L in deep well samples, while gross beta was detected in deep well samples at 

concentrations ranging from 3.7 pCi/L to 24.1 pCi/L. Maximum concentrations for gross alpha and gross 

beta in deep well samples were both found in sample 2LMW13D. 

- 

During Rounds 1 and 2 of the Phase II RI, the sample from shallow well 2LMW18S again showed the highest 

concentrations of volatile organics (monocyclic aromatics). The sample from deep well 2LMW13D contained 

the same halogenated aliphatic compounds as were detected during the Phase I RI, although the 
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concentrations generally decreased by about 50 percent. A few additional volatiles were also detected in 

the Phase II RI samples. The Phase II Round 1 and Round 2 groundwater sample results are fairly 

consistent for volatile organics. 

The wells sampled during the Phase II RI contained several semivolatile organic compounds at moderate 

concentrations. The maximum concentration of semivolatile organics detected in the deep well samples 

during Round 1 was 2 pg/L (di-n-octylphthalate and benzoic acid). The phthalate esters were detected at 

higher concentrations in Round 2. Although a few additional semivolatile organic compounds were detected 

in the shallow wells during Round 2, the concentrations were similar to those reported in Round 1; 

Maximum concentrations of semivolatiles in shallow wells were found once again in 2LGW18S during 

Rounds 1 and 2. The sample from well PLMWl8S also contained 710 pg/L Aroclor-1260, (Round 1) and 

7.5 pg/L Aroclor-1016 and 290 pg/L Aroclor-1260 (Round 2). Locations of maximum concentrations of 

semivolatiles varied among deep wells; several more semivolatiles were detected in deep wells during both 

of the Phase II RI sampling rounds than were detected during the Phase I RI. In addition, the concentrations 

of most metals were generally lower in the deeper wells than in the corresponding shallow wells during both 

rounds. 

The only radionuclide identified by complete gamma spectrum analysis was naturally occurring potassium- 

40. Once again, based on the levels of uncertainty reported with results, gross alpha in shallow well sample 

2LGW7S-2 and potassium-40 in shallow well sample 2LGW18S-2 (both Phase II RI, Round 2 samples) are 

considered as not detected in these samples. Therefore, gross alpha was detected in samples 2LGW9D 

(7 pCi/L) and 2LGW13D (12 pCi/L) during Round 1 and in samples 2LGW9D-2 (6 pCi/L) and 2LGW18S2 

(11 pCi/L) during Round 2. Gross beta was detected in all four samples analyzed during both Rounds 1 

and 2; the results seemed to follow no particular pattern. Potassium-40 was detected at concentrations of 

250 pCi/L (Round 1) and 130 pCi/L (Round 2) in shallow samples collected from well 2LMW7S. 

Most of the wells at this site do not exhibit significant levels of contamination. The presence of 

contamination appears to center around wells 2LMW13D and 2LMWl8S, which are located in two entirely 

different areas of the landfill. 

As indicated by Table 6-7, results for samples 2LPWl S-l through 2LPl S-8, collected from well 2LPWl during 

the pumping test, were generally consistent. 4-Methyl-2-pentanone, ethylbenzene, toluene, and xylenes were 

detected at similar concentrations in all samples, while methylene chloride was detected in four of eight 

samples. While benzoic acid (13 pg/L) was detected in only the first of three samples analyzed for 

semivolatiles, P-methylnaphthalene and acenapthene were detected in two to three samples at 
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=-. concentrations of 1 pg/L or less. Two phenols were also detected at concentrations less than 0.8 pg/L in 

the last of three samples. Results for metals were also consistent among the three samples analyzed for 

metals. 

6.5 CONTAMINANT FATE AND TRANSPORT 

The analytical data for the samples collected at this site indicate that some vertical contaminant transport 

may have occurred. However, since many of the contaminants observed in the subsurface soil are relatively 

insoluble (e.g., PAHs, Aroclors, DDT, and OCDD), it is possible that the contamination at depth reflects not 

transport but rather successive emplacement of waste and soil. 

A well located in the central portion of the Area A Landfill (well 2LMW18S) contained several monocyclic 

aromatics, which are very soluble relative to PAHs, etc. However, these compounds were not present at 

high concentrations in the soil. The suite of contaminants found in this sample may indicate a prior spill 

followed by vertical migration to the water table. The types of compounds detected are typical of those 

found in fuels. 

-- Other wells located near Building 373 also contained several volatile organic compounds (the halogenated 

aliphatics). These compounds are also fairly soluble and when spilled may migrate vertically through the 

soil column. Once in the groundwater, monocyclic aromatics and halogenated aliphatics will migrate 

downgradient at a rate determined by the amount of organic carbon in the soil matrix (the retardation factor) 

and the interstitial pore velocity of the groundwater. 

The two areas of contamination identified in the groundwater (centering around wells 2LMW18S and 

2LMW13D) are not apparently related either spatially or in the types of chemicals observed. In both areas, 

the concentrations have reduced since they were first sampled in 1990, indicating potential migration from 

these areas. 

4,4’-DDT and its metabolites occur in both the surface and subsurface soil. This may indicate that the 

4,4’-DDT is degrading as would be expected. The presence of these pesticides in the subsurface soil may 

indicate that spraying occurred while the Area A Landfill was active, and may not be indicative of vertical 

transport of these highly sorptive compounds. 
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6.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

-4 
This section contains the results of the site-specific risk assessment performed for potential soil and 

groundwater exposures at the Area A Landfill. The risk assessment is based on exposure scenarios that 

were defined in Section 3.3.3. All calculations are contained in Appendix F.5. 

6.6.1 Data Evaluation 

A number of chemicals of concern (COCs) were selected at this site for both soil and groundwater, based 

on a comparison of site data to the risk-based COC screening levels described in Section 3.3.1. All data 

collected during the Phase I and II Rls and the FFS, except data from soil samples obtained from depths 

greater than 10 feet and the pavement samples (2LCl through 2LC4), were used to identify COCs. 

Appendix F.5 contains the COC summary screening tables for the Area A Landfill. 

The types of chemicals present at maximum concentrations that exceeded the risk-based COC screening 

levels for residential soil ingestion were as follows: 

0 PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene). 

0 4,4’-DDT. 

0 PCBs (Aroclor-1242, -1248, 1254, and 1260). 

0 Dioxins (1,2,3,4,7,8- and 1,2,3,6,7,8-HxCDF). 

l Metals (antimony, arsenic, barium, beryllium, cadmium, chromium, lead, manganese, mercury, 

nickel, vanadium, and zinc). 

Dioxins and several PAHs and metals (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

antimony, barium, chromium, mercury, nickel, and vanadium) were retained as COCs for “all soil” (soil from 

depths of 0 to 10 feet) only. Maximum detections of these compounds in the surface soil samples were less 

than the COC screening level. 

As presented in the site-specific COC summary screening tables (in Appendix F.5), maximum soil detections 

were also compared to USEPA Soil Screening Levels (SSLs) for migration to groundwater. Maximums 

detections for several chemicals (1 ,1,2,2-tetrachloroethane, 1 ,1,2-trichloroethane, chlorobenzene, 
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ethylbenzene, methylenechloridexylenes, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(a)pyrene, carbazole, chrysene, 4,4’-DDT, dieldrin, endrin, heptachlor, barium, cadmium, chromium, 

mercury, and nickel) detected in the site soil samples exceeded the SSLs, indicating the potential for these 

chemicals to migrate to groundwater and potentially impact water quality. 

COCs for groundwater were selected using unfiltered and filtered site groundwater samples from shallow 

and deep wells and the risk-based screening levels for residential groundwater use. This approach results 

in a conservative list of COCs for groundwater since 1) groundwater at the site is not expected to be used 

as a potable water supply under potential future land use conditions and 2) dermal contact with shallow 

groundwater during construction activities is the only anticipated exposure to this medium. 

The following COCs were identified for groundwater: 

Monocyclic aromatics (benzene, chlorobenzene, 1,4dichlorobenzene, and 1,2,4- 

trichlorobenzene). 

Halogenated aliphatic hydrocarbons (chloroform, methylene chloride, 1 ,1,2,2-tetrachloroethane, 

tetrachloroethene, and trichloroethene). 

Bis(2-ethylhexyl)phthalate. 

4-Methylphenol. 

PCBs (Aroclor-1016, -1254, and 1260). 

Metals (antimony, arsenic, barium, beryllium, boron, cadmium, chromium, lead, manganese, 

nickel, thallium, and vanadium). 

Of these chemicals, benzene, chlorobenzene, methylene chloride, trichloroethene, 1,2,4-trichlorobenzene, 

bis(2-ethylhexyhphthalate, PCBs, antimony, beryllium, cadmium, chromium, lead, and thallium were detected 

at maximum concentrations in excess of primary drinking water standards. Several organic chemicals (2- 

methylnaphthalene, acenaphthylene, benzo(g;h,i)peryiene, phenanthrene, 2-methylphenol, 4-chloro-3- 

methylphenol, endrin aldehyde, and endrin ketone) and some inorganic essential human nutrients (calcium, 

magnesium, potassium, and sodium) detected in the site media were not identified as COCs because no 

toxicity criteria are available to quantitatively evaluate these chemicals. In addition, USEPA Region I does 

not advocate a quantitative evaluation of exposure for aluminum, copper, and iron because the only 
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available toxicity criteria for these chemicals are provisional reference doses based on allowable daily intakes 

rather than adverse effect levels. Exposure to these compounds is addressed in the general uncertainty 

section of the baseline human health risk assessment, Section 3.3.5. 

-d 

A sufficient number of samples were collected for soil at the site, consequently, UCLs were used as 

exposure concentrations if the distribution of the data set was determined to be lognormal or normal. When 

the distribution of the data set was undefined, exposure concentrations for the CTE and RME scenarios 

reflect the average and maximum concentrations, respectively. Maximum and average concentrations were 

used for groundwater. A summary of the COCs and exposure concentrations for each media is presented 

in Table 6-13. 

6.6.2 Exposure Assessment 

Three potential receptor groups, full-time employees, older child trespassers, and construction workers, were 

considered for the Area A Landfill. Each is summarized in this section. The details on the specific exposure 

assumptions were presented in Section 3.3.3.6. 

The full-time employee and the older child trespasser could come into contact with surface soil via incidental 

ingestion and dermal contact. For the full-time employee, exposures are assumed to occur 150 days/year 

for either 25 years (RME) or 6 years (CTE). Contact with soil for the older child trespasser is expected to 

occur on an infrequent basis (i.e., 52 days/year for 3 years under the CTE and 120 days/year for 10 years 

under the RME). 

The construction worker is defined as having a one-time exposure to “all soil” (soil from depths of 0 to 

10 feet) while involved in a l-year construction project. Under the RME scenario, a construction worker 

could conceivably be exposed for a period of 120 days, while the CTE worker is assumed to be exposed 

for 80 days. 

Because of the nature of the site, a future residential exposure scenario was not considered. Therefore, the 

only exposure to groundwater at the Area A Landfill is assumed to be direct contact with this medium during 

construction activities. Exposure is presumed to occur throughout the entire duration of the construction 

project. 

Potential receptors could also be exposed to soil chemicals via inhalation of fugitive dust and volatile 

emissions. This exposure pathway is evaluated qualitatively by a comparison of maximum soil 

concentrations to USEPA SSLs for the inhalation pathway, as summarized in the site-specific COC summary 

D-01-95-10 6-16 CT0 129 



screening tables in Appendix F.5. Maximum concentrations for all soil chemicals, except chromium in the 

subsurface soil, were below the inhalation SSLs. Chromium was assumed to be present as hexavalent 
i 

chromium. This is an extremely conservative assumption since it is unlikely that all chromium is present in 

the hexavalent state. Although the maximum detection of chromium in the subsurface soil samples 

exceeded the SSL for hexavalent chromium, overall, the qualitative analysis indicates that the inhalation 

exposure pathway is not a significant route of exposure. It should also be noted that chromium was 

retained as a COC for soil at the site, and exposure to this chemical was addressed via incidental ingestion 

and dermal contact. 

6.6.3 Risk Characterization 

The quantitative risk assessment for the Area A Landfill is summarized in this section. Total noncarcinogenic 

and carcinogenic risks for each exposure route, as well as the cumulative risks for each receptor, are 

presented in Table 6-14 for the RME and CTE scenarios. Sample calculations are provided in Appendix F.3. 

Chemical-specific risks for the site are contained in Appendix F.5. 

6.6.3.1 Noncarcinogenic Risks 

Cumulative Hazard Indices (HIS) for the full-time employee and the older child trespasser were less than 

unity for the CTE scenario. Cumulative HIS for these receptors under the RME (1.2 for the full-time employee 

and 1.4 for the older child trespasser) slightly exceeded unity. Anticipated toxic effects under the defined 

exposure scenario are attributed to PCBs, which were detected at a total maximum concentration of 

13 mg/kg in the surface soil samples. Aroclors-1248, -1254, and 1260 contribute to approximately SO% of 

the RME noncarcinogenic risks. Dermal contact with soil is the primary exposure route of concern for these 

receptors. 

For the construction worker, cumulative HIS for both RME and CTE scenarios (8200 and 430, respectively) 

exceeded unity. Dermal contact with groundwater is the only significant exposure route under the CTE, 

whereas, HIS for all exposure routes involving soil and groundwater exceeded unity under the RME. 

Elevated risks for the construction worker are a result of exposure to PCBs, which were detected in the soil 

and groundwater at the site. As seen in Appendix F.5, all individual Hazard Quotients (HQs) for PCBs 

exceeded unity, except for incidental ingestion and dermal contact with soil under the CTE. 
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6.6.3.2 Carcinogenic Risks 

Cumulative incremental cancer risks for the full-time employee and older child trespasser ranged from 4.7E-8 

(CTE for the older child trespasser) to 1.9E-5 (RME for the full-time employee). All carcinogenic risks for 

these receptors were either less than 1 E-6 or within the USEPA’s target risk range (1 E-4 to 1 E-6). 

The cumulative incremental cancer risk for the construction worker under the CTE, 4.OE-5, was within the 

USEPA’s target risk range. The cumulative incremental cancer risk under the RME (9.9E-4) exceeded 1 E-4, 

the upper limit of the USEPA’s target risk range. Dermal contact with groundwater is the only exposure- 

route of concern for the construction worker. PCBs are the sole chemicals of interest for this exposure 

route. Estimated risks associated with incidental ingestion of and dermal contact with soil are relatively 

insignificant. 

6.683.3 Exposure to Lead 

For the Area A Landfill, lead was retained as a COC for groundwater and soil because maximum detected 

concentrations of this chemical exceeded the Federal Action Level (15 pg/L) for drinking water and the 

400 mg/kg OSWER soil screening level for residential land use. Exposure to lead was addressed using the 

USEPA IEUBK Model, as discussed in Section 3.3.3; support documentation for the site-specific analysis 

is provided in Appendix F.5. UCLs [ 14.2 pg/L for groundwater and 915 mg/kg for “all soil” (soil from depths 

of 0 to 10 feet)], as well as several default parameters (for air, dust, and maternal contribution), were used 

to estimate blood lead levels for children in a residential setting. The estimated geometric mean blood lead 

level for exposure to lead in the site media is 7.4 pg/dL. No adverse effects are anticipated for a child in 

a residential setting under since this value is less than the established level of “concern”, 10 pg/dL. 

6.6.3.4 Uncertainties 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, was 

provided in Section 3.3.5. Site-specific uncertainties for the risk evaluation for the Area A Landfill are 

presented below. 

Some inorganic chemicals detected in site soil samples may be attributable to naturally occurring 

background levels. Background levels for metals in soil at NSB-NLON, developed by Atlantic Environmental 

Services, Inc., were presented on Table l-2. Repotted concentrations of aluminum and iron in the site 

surface soils were below the established background levels. Detections of arsenic, selenium, and vanadium 

D-01-95-10 6-l 8 CT0 129 



Revision 1 
March 1997 

=- may also be a result of background conditions because maximum detections of these analytes in surface 

soil only slightly exceeded the background concentrations. 

For this risk assessment, construction workers were assumed to come in contact with shallow and deep 

groundwater during excavation activities. The resulting estimated risks for this exposure route are 

overestimated to a certain degree since this receptor is more likely to be exposed to shallow groundwater. 

Several organic compounds (1 ,1,2,2-tetrachloroethane, tetrachloroethene, and trichloroethene) were 

identified as COCs for groundwater, but were detected in the deep wells only. The inclusion of deep and 

shallow groundwater data is not expected to significantly overestimate risks for the construction worker since 

elevated risks for this receptor are primarily attributed to the presence of PCBs, which were detected in the 

groundwater samples from shallow monitoring wells. 

- - 

Some degree of uncertainty is associated with the use of validated data only in the baseline human health 

risk assessment. Field screening data for PCBs, Aroclor-1248 and Aroclor-1254, are available for 10 

additional surface and subsurface soil samples collected from two locations at the site (Tel3 and TB23). 

Reported concentrations of Aroclor-1248 in the field screening samples ranged from 51 pg/kg to 

3,700 pg/kg. Aroclor-1254 was detected in the field screening samples at concentrations ranging from 

110 pg/kg to 19,400 pg/kg. Total PCB results for the field screening samples are similar to total PCB 

results in the soil samples subject to data validation. Although the field screening data were not used in the 

risk assessment, potential human health risks associated with the entire site are expected to be adequately 

addressed by the use of the validated data for 40 soil samples collected at the site. 

6.7 ECOLOGICAL RISK ASSESSMENT 

This section contains a site-specific ecological risk assessment for the Area A Landfill. The process followed 

to determine exposure point concentrations and the methodology used to characterize risks to ecological 

receptors is summarized in Section 3.4. Detailed calculations are provided in Appendix 1.2. 

6.7.1 Conceptual Site Model 

,- 

Surface soil samples (0 to 2 feet) were collected from the Area A Landfill and analyzed. However, as 

discussed in Section 6.3.6, the Area A Landfill only provides limited habitat for ecological receptors; the 

landfill supports limited vegetation (e.g., grasses and an area of relatively thick brush on the eastern end of 

the landfill) and is generally characterized by exposed soil and gravel. Under current conditions, ecological 

receptors are most likely to be exposed to chemicals associated with the Area A Landfill surface soils by 
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direct contact as they move across the Area A Landfill from either the wooded ravine or from the Area A 

Wetland that borders the landfill. 

6.7.2 Exposure Assessment 

As discussed in Section 6.3.6, the Area A Landfill only provides limited cover for terrestrial receptors but the 

ravine to the south of the Area A landfill supports a well developed cover (mature trees and understory 

vegetation). In addition, the nearby Area A Wetland is characterized by dense Phragmites sp. growth and 

small areas of open water. While Phragmites sp. is of limited habitat value (e.g., does not provide food for 

wildlife), it does provide cover for ecological receptors. As such, the area surrounding the Area A Landfill 

is likely to be utilized by small mammals and birds. Although the Area A Landfill only provides limited habitat 

for wildlife receptors, for the purposes of this ecological risk assessment, it was conservatively assumed to 

support a diverse biological community. Complete exposure pathways for this site therefore included 

potential uptake via roots by terrestrial vegetation and exposure of soil invertebrates via direct contact with 

contaminants present in soil moisture or through ingestion. Complete exposure pathways for small 

mammals include direct contact with surface soil, incidental ingestion of soil while foraging, and 

consumption of contaminated prey. Predators could be exposed to soil at this site via consumption of 

contaminated prey or incidental ingestion of soil while foraging on the site. 

6.7.3 Receptor Organisms 

Although the Area A Landfill only provides limited wildlife habitat and is unlikely to represent a foraging area 

for ecological receptors, it was assumed that the Area A Landfill was well vegetated and that the site 

supported a population of soil invertebrates. Short-tail shrews were assumed to inhabit and forage in the 

area, preying on soil invertebrates (earthworms). The short-tailed shrew in turn served as prey for red-tailed 

hawks. The same conservative assumptions summarized in Section 3.4.4.2 were retained for this as- 

sessment. 

6.7.4 Chemicals of Concern 

As discussed in Section 6.7.1, surface soils (0 to 2 feet) are the only medium to which ecological receptors 

are likely to come in contact. Chemicals of concern associated with this medium were selected by 

comparing exposure point concentrations (both maximum and average values; Appendix 1.2) detected in 

surface soil samples collected from the site to the following benchmarks (see also Section 3.4.2): 
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l Inorganic concentrations were compared to concentrations of inorganic constituents present in 

samples collected from background locations. 

0 Wiih the exception of aluminum (see Section 6.7.5.1), inorganics present at concentrations 

greater than concentrations of background constituents and all organic compounds were com- 

pared to conservative benchmark values protective of terrestrial vegetation, soil invertebrates, 

the short-tailed shrew, and the red-tailed hawk. 

Chemicals of concern identified as a result of comparing both the maximum and average concentrations 

of chemicals detected in surface soils collected from this area are summarized in Table 6-15. 

6.7.5 Risk Characterization 

The ecological risk characterization for the Area A Landfill is summarized in this section. Risks to terrestrial 

vegetation, soil invertebrates, and terrestrial vertebrates are elevated. Detailed media- and receptor-specific 

calculations used to determine ecological risks for this site are contained in Appendix 1.2. 

.-. 6.7.5.1 Terrestrial Vegetation 

As discussed in Section 3.4.2.3, potential risks to terrestrial vegetation were determined by comparing 

chemical concentrations to conservative, phytotoxic benchmarks. As noted above, aluminum was detected 

in concentrations less than background concentrations, but was present at concentrations that exceeded 

its benchmark value for terrestrial vegetation. This metal was therefore retained as a chemical of concern. 

As discussed in Section 3.4.2.3, the benchmark values listed in Will and Suter (1994) are conservative and 

do not consider site-specific soil characteristics which may affect bioavailability of contaminants (and their 

potential toxicity) to plants. Maximum and average chemical concentrations detected in site surface soil 

samples (0 to 2 feet) were compared to these phytotoxic benchmark values and Hazard Quotients (HQs) 

were determined. Contaminants associated with the Area A landfill were considered to represent a risk to 

terrestrial vegetation if the HQs exceeded 1.0. The HQs determined using maximum and average 

concentrations for this site are summarized in Tables 6-l 6 and 6-l 7, respectively. 

When maximum concentrations in soil were compared to phytotoxic benchmark values, 9 inorganics with 

HQs greater than 1 .O were identified (Table 6-16). Of these inorganics, aluminum (HQ = 1.6E+2) and zinc 

(HQ = 4.3E+l) accounted for the majority of the potential risk to these receptors. Chromium and 

vanadium also contributed significantly (HQs = 1.7E + 1 and 1.2E t 1, respectively). Fewer analytes were 

present at average concentrations that exceeded background concentrations and the resulting HQs were 
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somewhat lower than those calculated when the maximum values were compared to the benchmark values 

(Table 6-17). However, although the values were lower, the average concentrations of several of the 

chemicals detected in surface soils resulted in HQs much greater than 1.0. As noted above, background 

concentrations also exceed the phytotoxic benchmark value for aluminum, suggesting that this benchmark 

value may be too conservative for this area. However, the results of this screening assessment do suggest 

that vegetation associated with the Area A Landfill may be adversely impacted by these soil chemicals. 

6.7.5.2 Terrestrial Fauna 

Soil Invertebrates 

Conservative benchmark values protective of earthworms were used to identify potential risks to soil 

invertebrates inhabiting the Area A Landfill. The maximum and average concentrations of inorganics 

detected in surface soil (0 to 2 feet) samples were compared to background concentrations. lnorganics 

present at concentrations greater than background values and all organic compounds were then compared 

to benchmark values developed for earthworms (see Section 3.4.2.3) and HQs were determined. Chemicals 

associated with the Area A Landfill were considered to represent a risk to terrestrial invertebrates if the HQs 

exceeded 1 .O. The HQs determined using maximum and average concentrations for this site are 

summarized in Tables 6-18 and 6-19. 

Of the chemicals detected in surface soil samples collected from the Area A Landfill, only the maximum 

concentrations of copper (HQ = 2.7E t 1) and lead (HQ = 6.2E to) were present at concentrations that 

represent a potential risk to soil invertebrates (Table 6-18). The average concentrations of both of these 

metals also exceeded the soil invertebrate benchmark values, producing HQs of 4.2EtO and 1.4Et0, 

respectively (Table 6-19). As discussed in Section 3.4.2.3, data concerning the toxicity of soil chemicals to 

soil invertebrates is limited and difficult to interpret due to the influence that soil characteristics have on 

chemical bioavailability. Wiih the exception of copper, the main concern associated with soil invertebrates 

and soil is that chemicals may accumulate in these organisms at concentrations that may adversely impact 

predator species. Copper on the other hand, has been demonstrated to eliminate earthworms from surface 

soils. The results of this assessment indicate that both copper and lead are present at concentrations that 

could adversely impact Area A Landfill soil invertebrates. 

Terrestrial Vertebrates 

Although the Area A Landfill currently represents only limited habitat for terrestrial vertebrate receptors, 

potential risks to these receptors were evaluated by examining potential risks to short-tailed shrews and red- 
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tailed hawks. Exposure pathways considered in this assessment for this site included the ingestion of prey 

and the incidental ingestion of soil. Because surface soil (0 to 2 feet) was the only contaminated medium 

associated with this site, potential risks associated other exposure pathways (e.g., ingestion of water) were 

not considered. All calculations are contained in Appendix 1.2. 

As discussed in Section 3.5.3, risks to terrestrial receptors are expressed in terms of HIS, which are the sum 

of chemical-specific HQs. HIS calculated for each receptor exposed to the maximum soil concentrations 

associated with the Area A Landfill are summarized in Table 6-20 while HI values based on comparisons of 

average surface soil concentrations to benchmark values are summarized in Table 6-21. 

The HI calculated for the short-tailed shrew was 7.5E t6, indicating that this species was potentially at risk 

as a result of exposure to the maximum chemical concentrations found in site surface soils. 

Octylchlorodibenzo-pdioxin (OCDD) was the most significant contributor (100%) to this receptor’s HI value 

(Table 6-20). No toxicological endpoint could be identified for OCDD and benchmark values for this species 

were based on toxicological endpoints for the closely related chemical, tetrachlorodibenzo-p-dioxin (see 

Table 3-22). While the impacts of TCDD on wildlife receptors is still undergoing investigation, studies to date 

suggest that TCDD and related contaminants can adversely impact ecological receptors at very low 

concentrations. Ingestion of food (earthworms) contributed 82.3% of the total exposure, with the incidental 

ingestion of soil accounting for 17.7% (Table 6-20). 

HIS calculated using average soil concentrations still yielded very high HQ values. The HI for the short-tailed 

shrew equalled 6.1 Et6 while the HI calculated for the red-tailed hawk was 4.1 Et3 (Table 6-21). These 

values are only slightly less than the HIS generated when maximum soil concentrations were compared to 

benchmark values protective of these two receptors. OCDD remained the primary contributor to the HI 

values calculated for the short-tailed shrew and the red-tailed hawk (100% and 98.4%, respectively; Table 

6-21). While the average concentrations of several other surface soil chemicals resulted in HIS much greater 

than 1 .O, their contribution to the HIS for both species was minor. Ingestion of prey contributed significantly 

to the exposure of both species to surface soil contaminants detected at the Area A Landfill. These results 

indicate that, given the conservative assumptions used to calculate HIS for these two receptors, terrestrial 

vertebrates utilizing the Area A Landfill are potentially at risk as a result of exposure to surface soil 

contaminants. 

.- 

Using acute toxicity benchmarks, OCDD exceeded the acute benchmark for both maximum and average 

contaminant concentrations for the short-tailed shrew (Appendix 1.2). No HIS > 1 were calculated for the 

red-tailed hawk using acute benchmarks for either the maximum or average concentration scenario. 
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6.7.5.3 Uncertainties 

As discussed in Section 3.4, the following conservative assumptions were maintained in performing this 

ecological risk assessment: 

l the site use factor was assumed to equal 100% (i.e., the organisms were assumed to live and 

forage exclusively within the boundaries of this site), 

l minimum body weights were used to calculate receptor dose 

l maximum ingestion rates were used to calculate receptor dose 

0 contaminants were assumed to be 100% biologically available 

0 the most sensitive life stage was assumed to be exposed to site contaminants 

l it was assumed that only contaminated prey were consumed. 

By adopting these conservative assumptions, the final risk estimates are deliberately conservative and are 

likely to overestimate the actual risk associated with contaminants detected at the Area A Landfill. This 

approach was taken so it may be concluded with confidence that certain chemicals detected at this site are 

unlikely to represent an ecological risk. While this process serves to significantly reduce the uncertainty 

associated with eliminating certain chemicals from further consideration, uncertainty is associated with 

concluding that exposure to the remaining chemicals are adversely impacting ecological receptors. An 

analysis of the uncertainty associated with the risk assessment process is important in that it identifies, and, 

to the extent possible, quantifies the uncertainty associated the entire process (problem formulation, data 

analysis and risk characterization). The uncertainty introduced into the risk assessment process stems from 

three sources: 1) imperfect knowledge of things that should be known, 2) systematic errors (e.g, 

computational, data, or analytical transformation errors), and 3) nonsystematic errors (i.e., random or 

stochastic errors) and variability in the system being assessed (Solomon et. al, 1996). A detailed discussion 

of uncertainties associated with the assessment process is contained in Section 3.4. This section focuses 

on uncertainties and assumptions that should be considered when interpreting the results of the ecological 

risk assessment performed at the Area A Landfill. 

it was assumed that the Area A Landfill represented desirable habitat for wildlife receptors and that these 

receptors could come into contact with chemicals in the surface soil. As discussed in Section 6.3.6, the 

Area A Landfill offers limited cover and forage for ecological receptors. The southern portion of the site is 

paved. These factors reduce the possibility that ecological receptors will utilize the site and come into 

contact with soil contaminants. The assumption that the Area A Landfill supports ecological receptors with 

ready access to site contaminants results in an overestimation of risk. 
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As noted above, it was also conservatively assumed that the site use factors for both the shrew and the red- 

tailed hawk equaled 100%. This site encompasses approximately 4.8 ha. Therefore, based on the shrew’s 

home range (0.1 - 0.22 ha; Table 3-27), this assumption is probably appropriate. However, as indicated 

above, it was also assumed that this receptor exclusively consumed contaminated prey. It is much more 

likely that the shrew would feed on contaminated and uncontaminated prey, which would reduce its 

exposure to site contaminants. This assumption therefore results in an overestimation of risk. 

Unlike the shrew, the home range of the red-tailed hawk is much larger (60 - 160 ha) than the areal extent 

of this site; the Area A Landfill represents approximately 8.0% of the hawks home range. When this value 

is factored into the HI calculations for this species, the resulting HI values decrease approximately an order 

of magnitude. These recalculated values provide an indication of the conservative nature of the original set 

of HI calculations. However, despite this decrease, these recalculated HI values still suggest that red-tailed 

hawks that utilize the Area A Landfill are potentially at risk. 

Uncertainty is also associated with characterizing the toxicity of contaminants detected at this site. Of these 

contaminants, it was determined that aluminum contributed to the potential risk calculated for terrestrial 

vegetation. According to Will and Suter (1994), aluminum exerts a toxic response in terrestrial vegetation 

by interfering with cellular division in roots, decreasing root respiration, binds with phosphorus so that it is 
/? 

not biologically available, interferes with the uptake of essential nutrients (calcium, magnesium, phosphorus) 

and water, and disrupts enzyme activity. Seedlings are more susceptible to the effects of aluminum toxicity 

than are older plants (Will and Suter, 1994). 

As discussed in Section 6.7.5.1, the concentrations of aluminum detected at this location were less than 

background values but were greater than the benchmark value used to assess risks to terrestrial vegetation. 

This indicates that the benchmark value for this metal is probably overly conservative. The aluminum 

benchmark value used to determine if this metal represented a potential risk to terrestrial vegetation was 

taken from Will and Suter (1994). The benchmark is based on the results of a single study that documented 

a 30% reduction in white clover seedling establishment when 50 mg/kg aluminum was added to a sandy 

loam soil with a pH of 5.0. Because only a single study describing the phytotoxicity of aluminum could be 

identified, the confidence in this benchmark, and therefore the conclusions regarding the potential impacts 

of aluminum on vegetation within the Area A Landfill is limited. 

The results of the risk assessment determined that copper represented a risk to soil invertebrates associated 

with this site. As noted in section 6.752, copper represents one of a handful of contaminants whose impact 

on soil invertebrates has been relatively well-documented. However, although the risk assessment indicated 

that this contaminant represented a potential risk to these receptors, additional site-specific data (e.g., soil 

D-01-95-10 6-25 CT0 129 



Revision 1 
March 1997 

toxicity tests) are necessary to reduce the uncertainty associated with concluding that this contaminant is 

biologically available in concentrations that would adversely impact these receptors. 

Of the contaminants detected at the Area A Landfill, it was determined that OCDD contributed most 

significantly to the HIS calculated for both the shrew and red-tailed hawk (Tables 6-20 and 6-21). While the 

suite of effects of OCDD and other dioxin-like compounds appears diverse, research indicates that these 

effects appear to be caused by a common mode of action. The most widely accepted proposed mechanism 

for their action appears to be associated with the subcellular Ah receptor. These chemicals bind to the Ah 

receptor and then exert specific changes in genetic expression. These effects are generally not acutely 

toxic, but tend to cause chronic toxic responses. Perhaps the most subtle and important of these effects 

on wildlife are the effects on endocrine hormones and vitamin homeostasis (USEPA, 1994). 

As discussed in Section 6.7.5.2, no toxicological endpoints were identified for OCDD. Instead, benchmark 

values for this chemical were based on the closely related chemical, tetrachlorodibenzo-pdioxin. According 

to USEPA (1994) TCDD is the most potent polychlorinated hydrocarbon identified to date. Therefore, use 

of benchmarks associated with this chemical are likely to be overly conservative for other chemicals such 

as OCDD. 

The TCDD benchmark value for the shrew was based on a study performed on rats and summarized in 

Opresko et al. (1994). This particular study extended over three generations and included exposure during 

critical life stages (e.g., reproduction and early life stages). These test conditions increase the confidence 

associated with these test results. Test organisms were exposed to three different doses of TCDD 

administered orally in the diet. Test results identified both a LOAEL and a NOAEL, further increasing the 

confidence associated with these results. 

The benchmark used to assess the risks to red-tailed hawks exposed to OCDD were based on studies 

conducted to determine the toxicity of TCDD to ring-necked pheasants. These test results are also 

summarized in Opresko et al. (1994). The study extended for more than 10 weeks and included a critical 

lifestage (reproduction). These dose levels were administered via interperitoneal injection which was 

believed to be comparable to oral routes of exposure. The results of the test therefore represent the effects 

of long term chronic exposure and are consistent with the assumption that exposure to site contaminants 

is also probably chronic. Chronic exposure to TCDD resulted in a reduction in egg production and 

hatchability. Test results identified both a LOAEL and a NOAEL, increasing the confidence associated with 

these results. 

D-01-95-10 6-26 CT0 129 



Although benchmarks for both the shrew and the red-tailed hawk were based on studies that quantified 

reproductive effects, recent studies suggest that impacts to adults, rather than reproduction, may represent 

more sensitiie endpoints. A great deal of uncertainty is also associated with determining concentrations that 

can be related to ecological risk; this uncertainty stems in part from difficulties associated with quantifying 

these types of chemicals, determining routes of exposure, and bioaccumulation. Research regarding the 

significance of environmental concentrations of polychlorinated hydrocarbons is ongoing. 

6.8 COMPARISON OF SITE DATA TO CONNECTICUT STANDARDS 

Analytical data for the Area A Landfill were compared to Connecticut drinking water standards and 

remediation standards (CTDEP, January 1996). Tables summarizing the comparison of site data to 

Connecticut standards are provided in Appendix F.5. These tables, which follow the quantitative risk 

assessment spreadsheets in the cited appendix, identify, on a media-specific basis, those chemicals 

detected at concentrations in excess of state criteria. Maximum and average chemical concentrations are 

presented in the summary tables. Although the maximum concentration of a chemical may exceed an 

associated state criteria, the distribution of the chemical in the medium is also important with respect to 

decision making. Therefore, the average chemical concentration was included to provide some information 

on the potential distribution of the chemical. A brief narrative of the findings of this qualitative analysis is 

provided in the remainder of this section. 

Site-specific soil data were compared to Connecticut remediation standards for direct exposure and pollutant 

mobility. Based on conversations with the State, USEPA, and Navy (October 25, 1995c), an industrial land 

use scenario is considered to be the most likely exposure scenario for the site. The following chemicals 

were found at maximum concentrations exceeding the state remediation standard for direct exposure under 

industrial land use: 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Aroclor-1254 

Aroclor-1260 

Arsenic 

Beryllium 

Chromium 

Lead 
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To address concerns regarding migration of chemicals from soil to groundwater, site soil ‘data were 

compared to Connecticut remediation standards for pollutant mobility. The groundwater classification for 

the Area A Landfill is GB, which indicates although the State recognizes that groundwater may not meet GA 

criteria at this time, the goal is to restore groundwater to GA quality. The list of chemicals reported at 

maximum concentrations exceeding the GB pollutant mobility criteria consists of: 

0 Ethylbenzene 

0 Xylenes (total) 

0 Benzo(a)anthracene 

l Benzo(a)pyrene 

l Benzo(k)fluoranthene 

l Benzo(b)fluoranthene 

0 Phenanthrene 

l Dieldrin 

0 Heptachlor 

l Cadmium 

0 Lead 

As indicated above, TCLP analytical results for several metals exceeded the state pollutant mobility criteria. 

A qualitative evaluation of the TCLP analytical results for the site soil samples (in relation to state pollutant 

mobility criieria for inorganics and PCBs) is provided in Table 6-5. 

Analytical groundwater data for the site were compared to Connecticut MCLs and remediation standards 

for groundwater and surface water protection. The following chemicals were detected in the unfiltered 

groundwater samples at maxima exceeding the state MCLs: 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

Benzene 

Chlorobenzene 

Methylene chloride 

Trichloroethene 

1,2,4-Trichlorobenzene 

1,4-Dichlorobenzene 

Bis(2-ethylhexyl)phthalate 

Aroclor-1016 

Aroclor-1254 

Aroclor-I 260 
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l Antimony 

l Beryllium 

0 Cadmium 

l Chromium 

0 Thallium 

Exceedances of Connecticut MCLs were observed for antimony and thallium in the filtered groundwater 

samples. In addition, sodium was detected in the unfiltered and filtered samples at maximum concentrations 

exceeding the 28 mg/L state Notification Level. 

Maximum groundwater concentrations (unfiltered and/or filtered) for the following chemicals exceeded the 

Connecticut remediation standards for groundwater protection: 

0 

0 

l 

0 

0 

0 

l 

l 

l 

l 

l 

l 

l 

0 

0 

0 

0 

l 

1 ,1,2,2-Tetrachloroethane 

Benzene 

Chlorobenzene 

Chloroform 

Methylene chloride 

Trichloroethene 

Xylenes 

1,4-Dichlorobenzene 

Bis(2-ethylhexyhphthalate 

Aroclor-1016 

Aroclor-1254 

Aroclor-1260 

Antimony 

Beryllium 

Cadmium 

Chromium 

Lead 

Vanadium 

It should be noted that the groundwater protection criteria are applicable for GA or GAA designated 

groundwater and are also used to protect existing groundwater regardless of the classification. 
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Since groundwater at the Area A Landfill eventually discharges to a surface water body (i.e., Thames River), 

site-specific groundwater data were also compared to Connecticut remediation standards for surface water 4 

protection. Those chemicals found at unfiltered and/or filtered maxima exceeding the surface water 

protection criteria are, as follows: 

l 

l 

0 

0 

l 

l 

l 

l 

0 

l 

0 

0 

0 

1 ,1,2,2-Tetrachloroethane 

Bis(2-ethylhexyl)phthalate 

Phenanthrene 

Aroclor-10 16 

Aroclor-1254 

Aroclor-1260 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Maximum and average chemical concentrations are presented in the summary tables. Although the 

maximum concentration of a chemical may exceed an associated state criteria, the distribution of the 

chemical in the medium is also important with respect to decision making. Therefore, the average chemical 

concentration was included to provide some information on the potential distribution of the chemical. 

6.9 SUMMARY AND CONCLUSIONS 

This section presents a summary of major findings of the investigations for the Area A Landfill. A summary 

of the nature and extent of contamination is provided in Section 6.9.1. Sections 6.9.2 and 6.9.3 summarize 

the baseline human health risk assessment and ecological risk assessment for the site, respectively. 

Section 6.9.4 summarizes the comparison of site data to state standards and Section 6.9.5 provides 

recommendations regarding additional action or investigatory efforts for the site. 

6.9.1 Nature and Extent of Contamination 

Relatively high concentrations of various organic and inorganic chemicals were detected in a few soil 

samples collected from the Area A Landfill. Examples included such chemicals as ethylbenzene 
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=n. (28,000 pg/kg), xylenes (140,000 pg/kg), chlorobenzene (4,500 pg/kg), Aroclor-1254 (100,000 pg/kg), 

Aroclor-1260 (12,000 pg/kg), and several PAHs. Contamination in the landfill materials appears to be 

relatively sporadic. Many of the soil samples collected exhibited only minimal or no contamination. 

Groundwater samples collected at this site also demonstrated the sporadic presence of organic chemicals. 

Benzene, ethylbenzene, xylenes, dichlorobenzene isomers, naphthalene, 2 methylnaphthalene, 

1,1,2,2-tetrachloroethane, and trichloroethene are some of the compounds detected in the groundwater 

samples. Concentrations of these analytes ranged as high as 1,200 pg/L (chlorobenzene). It should be 

noted that the majority of contamination is limited to the shallow groundwater. Only one deep monitoring 

well, PLMWl3D contained organic compounds. Based on the available analytical results, it is concluded 

that the Area A Landfill contains several potentially mobile chemicals at relatively high concentrations and 

is acting as a source of groundwater contamination. 

6.9.2 Baseline Human Health Risk Assessment 

The baseline human health risk assessment for the Area A Landfill site considered the potential exposure 

of multiple receptor groups (including full-time workers, older child trespassers, and construction workers). 

The assessment demonstrated that construction workers may incur incremental lifetime cancer risks 

exceeding the upper bound of the USEPA’s target risk range (lE-4). Elevated noncarcinogenic hazards 

were estimated for all receptor groups. Based on the results of the risk assessment, it is concluded that the 

Area A Landfill may pose a threat to the public health and to the groundwater at the facility under the 

defined exposure scenarios. All potential toxic effects for the Area A Landfill are attributed to PCBs. 

6.9.3 Ecological Risk Assessment 

-- 

As described in Section 6.3.6, the Area A Landfill currently represents generally limited wildlife habitat due 

to its gravel cover, the pavement covering the landfill’s concrete pad and proximity to areas of high human 

activity (e.g., the Area A Weapons Center). The Area A Landfill does border areas that do represent potential 

wildlife habitat or may provide cover for ecological receptors. Using the conservative assumptions discussed 

in Section 3.4.4.2, both the maximum and average concentrations of chemicals detected in surface soils (0 

to 2 feet) collected from this site exceeded benchmark values protective of various terrestrial ecological 

receptors. The results of these comparisons indicate that chemicals associated with this site could adversely 

impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. Potential risks to terrestrial 

vegetation and soil invertebrates were associated with the presence of heavy metals. Potential risks to 

vertebrate species were almost entirely associated with OCDD, a compound closely related to TCDD. These 

results indicate that if the Area A Landfill provided habitat and forage for terrestrial receptors, organisms 
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utilizing this area would potentially be at risk. However, because of the current conditions associated with 

this site, actual risks to ecological receptors are likely to be much less then those calculated for this area. 

Areas bordering the Area A Landfill (e.g., the wooded hillside) do represent desirable habitat for wildlife. 

Organisms inhabiting this area may come in contact with soil contaminants associated with the site while 

moving through the area to forage in the nearby Area A Wetland or Area A Downstream Watercourses. 

While potentially exposed to soil contaminants, this exposure is much more limited than that considered in 

this evaluation (see Section 3.4.4.2 for exposure assumptions), thereby reducing the actual ecological risks 

associated with this site. In addition, this area is to be capped (see Section 6.1); capping the Area A Landfill 

will eliminate the possibility that ecological receptors will come in contact with these chemicals. When the 

current and future site conditions are factored into this evaluation, it is concluded that the Area A Landfill 

represents little potential risk to ecological receptors. 

6.9.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 6.8. Although not retained as COCs in the baseline human health risk assessment, ethylbenzene, 

xylenes, phenanthrene, dieldrin and heptachlor were reported at maxima in excess of Connecticut 

remediation standards for pollutant mobility. 

While these compounds may migrate to groundwater and potentially impact water quality, no dose-response 

parameters are available to quantitatively evaluate exposure to phenanthrene, and detected maximum 

concentrations for the remaining chemicals were less than human health risk-based COC screening levels 

for soil ingestion. 

For groundwater, maxima of a few chemicals (xylenes, phenanthrene, copper, sodium, and zinc) exceeded 

the applicable state standards, but were not identified as COCs in the baseline human health risk 

assessment. No dose-response parameters are available to quantitatively address exposure to phenanthrene 

and sodium. It should be noted that the applicable state standard for sodium is a Notification Level for a 

drinking water source. The remaining chemicals were reported at concentrations less than the risk-based 

COC screening levels for tap water ingestion. 

6.9.5 Recommendations 

It is recommended that a “limited action” approach, involving a groundwater monitoring program and 

access/use restrictions be implemented at the Area A Landfill, in addition to the planned Area A Landfill cap. 

This recommendation is based on the following information: 
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0 Relatively high concentrations of organic and inorganic chemicals were detected in a few soil 

samples at the site. The soil contamination appears to be located sporadically throughout the 

site. 

0 Groundwater contamination exists at the site and is primarily limited to the shallow groundwater. 

0 Noncarcinogenic hazards exceed the USEPA acceptable limit of one for all receptor groups with 

the exception of the CTE older child trespasser and the CTE full-time employee. Lifetime 

incremental carcinogenic risks exceed the upper bound (1 E-4) of USEPA’s acceptable target risk 

range for the construction worker under the RME scenario. Therefore, the landfill may pose a 

threat to human receptors at the facility. This threat is due entirely to the presence of PCBs at 

the site. 

l Chemicals in the soil could adversely impact ecological receptors. It should be noted, however, 

that the site does not provide a desirable ecological habitat and highly conservative assumptions 

were used to evaluate ecological risks. Furthermore, the installation of the cap will eliminate 

risks to ecological receptors. 

As required by the September 1995 ROD, the Navy is planning to cap the Area A Landfill and to intercept 

the upgradient surface runoff and shallow groundwater before entering the site as part of an Interim 

Remedial Action (IRA). Groundwater at this site will also be monitored as required by the ROD. The 

planned IRA will eliminate the dermal contact exposure route and reduce infiltration and subsequent 

contaminant loading to the groundwater. The IRA was originally intended to address minimization of risk 

associated with soils at this site pending the outcome of this Phase II RI effort, which would address all 

remaining media. However, the components of the IRA (cap, upgradient surface runoff and shallow 

groundwater interception, and long-term post-closure shallow and deep groundwater monitoring) are 

presently addressing all media of concern identified in this report (soil and groundwater). The need for 

remedial action for groundwater at this site will be evaluated as the results of the groundwater monitoring 

program become available. 

D-01-95-10 6-33 CT0 129 



D-01-95-10 

Revision 1 
March 1997 

This page is intentionally left blank. 

6-34 CT0 129 



TABLE 6-l 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

Sample 
Depth 

(feet below 
ground) 

Analysis 

Target Compound List (TCL) 

Volatiles Semivolatiles 
Pesticides/ 

PCBs”’ 

TAL ‘*’ TCLP”’ 

Metals Metals/ Radiological@’ 

(total) Pesticides 

2LMW13 I 2-4 

2LMW18S o-2 

2LMW18S 2-6 



TABLE 6-l 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
Page 2 of 3 

r 

Sample ID 

Sample 
Depth 
(feet 

below 
ground) 

Analysis 

Target Compound List (TCL) TAL ‘2’ TCLP”’ 

Radiologicalf4J 
Volatiles Semivolatiles 

Pesticides/ Metals 
PCBs”’ 

Metals/ 
(total) Pesticides 

GROUNDWATER 

010291-2LMW9S -- l 0 0 0 l 

011091-2LMW9D -- l 0 0 0 a 

011091-2LMW13D -- l 0 0 0 0 

121790-2LMW14D -- l 0 0 l 0 

010291-2LMW17S __ 0 0 0 0 0 

010891-2LMW17D -- 0 0 0 0 0 

121390-2LMW18S _- 0 0 0 0 0 

121390-2LMW19dg) -- 0 0 0 0 0 

121390-2LMW18D -_ 0 0 l 0 l 

9 
0 

c, i I i 



x TABLE 6-l 

8 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 

G SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
Page 3 of 3 

Polychlorinated Biphenyls. 
Target Analyte List (TAL) metals plus cyanide. 
Toxicity Characteristics Leaching Procedure (TCLP) for metals and pesticides. 
Radiological analyses include gross alpha and gross beta analyses. 
l - Indicates samples analyzed at fixed-base laboratory. 
2LMW19 is a field duplicate of 2LMW9 (O-4). 1 
2LMW33 is a field duplicate of 2LMW13 (2-4). 
2LMW21D is a field duplicate of 2LMW7D. 
2LMW19S is a field duplicate of 2LMW18S. 



TABLE 6-2 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - PHASE II RI 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

Sample Analysis 

Depth Target Compounc’ I I-L -Al \ 1 V.l ..-a-.-I’\ 1 I I 
(feet below 

ground) Volatiles 1 Semivolatiles 1 PCBs”’ 1 Total 1 Dissolved 1 ‘~ru*“‘vy~““’ 

ROUND 1 - SOIL 

2LTB13-0001 o-1 l 63) 

2LTB13-OOOlA o-1 0 (7) 

2LTB13-0102 l-2 0 

2LTB13-0204 2-4 0 

2LTB13-0406 4-6 0 

2LTB13-0608 6-8 0 

2LTB23-0002 o-2 0 

2LTB23-0406 4-6 0 l 

2LTB23-0608 6-8 0 

2LTB23-0810 8-10 0 

2LTB23-1012 10-12 0 

ROUND 1 - GROUNDWATER 

2LGW7S - - 0 0 0 0 l 

2LGW7D -- l 0 l 0 



“, 
‘) 

‘,,, 

) 

TABLE 6-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - PHASE II RI 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Sample Analysis 

Sample ID 
Depth 

(feet below 
Target Compound List (TCL) TAL Metals’11 

ground) Volatiles Semivolatiles PCBsQ’ Total Dissolved 
Radiological”) Dioxinn) Engineering6’ 

2LGW8S -_ 0 0 0 0 

2LGW8D -- 0 0 0 0 

2LGW9S - _ 0 0 0 l 

2LGW9D - - 0 0 0 0 0 

2LGW13S - - 0 0 0 0 

2LGWl3D - - 0 a 0 0 0 



TABLE 6-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - PHASE II RI 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

?LPWl s-7 -- 0 0 l l 0 0 

?LPWl S-8 -_ e 0 0 0 0 a 
--_.-.- 
ROUND 2 - GROUNDWATER 



TABLE 62 (Continued) 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM - PHASE II RI 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

Sample Analysis 

Depth 
(feet below 

Target Compound List (TCL) TAL Metals(‘) 

ground) Volatiles Semivolatiles PCBs’*’ Total Dissolved 
Radiological”’ Dioxin”’ Engineeringm 

2LGW17S-2 __ 0 l 0 0 

2LGW17D-2 -- l 0 0 0 

2LGW18S-2 -- 0 0 0 0 0 l 

2LGW18D-2 _ - 0 0 0 0 

2LGW19S-2 -_ 0 0 0 0 

2LGW19D-2 - - 0 0 0 0 

2LGW20S-2 -- 0 0 0 0 

2LGW20D-2 -_ 0 l 0 0 

2LGW20S-D-2(8) - - 0 0 l a 

1 TAL Metals plus boron. Water samples were also analyzed for hardness. Sample 2LPWlS was analyzed for copper, zinc, nickel, and 
lead only. 

2 Polychlorinated biphenyls. 
3 Radiological analyses include gross alpha and beta and complete gamma spectrum analyses. 
4 Dioxin analyses includes dioxins and dibenzofurans as specified in USEPA CLP SOW DFLMOl .O. 
5 Engineering parameters include oil and grease, ammonia, biochemical oxygen demand, chemical oxygen demand, total organic 

carbon, total phosphorus, and total suspended solids. . 
6 0 - Indicates samples analyzed at fixed-base laboratory. 
7 o- Indicates samples analyzed in the field wlth portable gas chromatograph. 
8 2LGW20S-D-2 is a field duplicate of 2LGW20S2. 



TABLE 6-3 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - FQCUSED FEASIBILITY STUDY 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

4” 
R 

S8lllph 
Analysis 

swlplr IO 
Depth Target Conq~otunl List (TClJ 

Meet below TAL Metals’21 

ground) Volatile8 Srmivolstiles 
Par&ides/ 

PCBc”’ 
man 

Dioxin EnginveringP1 TCLPH) 

SOIL 

I I I 

2LTB28 4-6 
I 

l 0 0 I l 
I I I 

0 

i II 



TABLE 6-3 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - FOCUSED FEASIBILITY STUDY 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

PAVEMENT 

2LCl l 

2LC2 0 

2LC3 0 

2LC4 0 

1 Polychlorinated Biphenyls. 
2 Target Analyte List (TAL) metals plus boron and cyanide. 
3 Engineering parameters include grain-size distribution, moisture content, specific gravity, organic content, cation exchange capacity, 

pH, and total organic carbon content. 
4 Toxicity Characteristic Leaching Procedure for volatile and semivolatile organics, pesticides/PCBs, herbicides and metals. 
5 0 - Indicates samples analyzed at a fixed-base laboratory. 
6 2LSS30 is a field duplicate of 2LSS20. 
7 2LTB33 is a field duplicate of 2LTB23. 
8 2LTB39 is a field duplicate of 2LTB29. 



TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 1 ZLMW13(2-4) /2LMW33(2-4) 
DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

2-4 

2LMW13S 

PHl 

GRAB 

2-4 8-8 

2LMw13S PLMiAtl3S 

08t2Tu9o 08l22tQO 
PHl PHl 
GRAB GRAB 

5-7 

2LMW14S 

08/02!90 
PHI 

GRAB 

o-2 

2LMw17S 

0811 !iBO 
PHI 

GRAB 

2LMW17(4-6) 2LMW18s(O-2) 

4-8 o-2 

2LMw17S 2LMW18S 

08/15/90 08/07/90 
PHl PHl 
GRAB GRAB 

I I 1 I I I 
VOLATILES (UGM”’ 

I I I 
I ‘“I 

.OROETHANE I 6U I 5u I 6U I 22 I 5 II I 6 II I 5 II I 

2LMW 13(1X) I2LMW14S(57) (2LMW17(@2) 

1 ,l,Z,ZTETRACHl ~ ~_ -- - - - - -- 
1 ,I ,P-TRICHLOROETHANE 6U 5u 6U 

2-BUTANONE 
! 11 ! 5U 1 6U 5U 

11 u 11 u 12 u I 12 u I 11 u I 11 u 11 u 

QMETHYL-2-PENTANONE 11 u 11 u 12 u 12 u 11 u 11 u 11 u 
ACETONE I I . - I I 

I I 
96 I 62 I 70 I 12 u I 24 U I 57 u I 11 u I 

CARBON DISULFIDE I 6U I 5U I 6U I 6U I 5U I 6U I 5U 
CHLOROBENZENE 6U 5U 6U 6U 5U 6U 5U 
ETHYLBENZENE 

ME ~ __ ..__ I I - - I - - I - - I -- 
TETRACHLOROETHENE ! 6U ! 5U I 6U I 6U I 5u I 6U I 5lJ I 

I 6U SU I 6U I 6U I 5U I 29 I 5u 
iTHYLENE CHLORIDE 6U I 5U 6U liu 5 LJ 6 II 5 II 

TOLUENE 6U 5u 6U 9u 5u 6U 5u 
TRICHLOROETHENE 6U 5u 6U 2J 5u 6U 5U ,, 
XYLENES, TOTAL 6U 5u 6U 6U 4J 200 5 u 1’ 
SEMWOLATILES lUG/KGI --... _- -- . ..--- ,- -..--, 

I 

1 2,4DIMETHYLPHEf rlOL ! 370 u 1 36OU I 390 u I 410 u I 350 u I 370 u I 35OU I 
P-METHYLNAPHTHALENE 370 u 36OU 390 u 410 u 35OU 370 u 35OlJ 

4METHYLPHENOL 370 u 36OU 3QOU 410 u 35OU 370 u 35OU 

ACENAPHTHENE 370 u 36OU 3!3OU 410 u 35OU 370 u 35OU 

ACENAPHTHYLENE 370 u 360U 390 u 410 u 350 u 370 u 350 u 

C II 



h, 

) 

‘I 
‘) “) 

TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LMWl3(2-4) 2LMW33(2-4) 

DEPTH (feet): 2-4 2-4 

LOCATION: 2LMW13S 2LMW13S 

SAMPLE DATE: 

INVESTIGATION: PHI PHl 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

2LMWl3(6-6) I2LMW 14S(57) 12LMWl7(0-2) 

6-6 

2LMWl3S 

PHl 

GRAB 

5-7 O-2 

2LMWl4S 2LfvlWl7S 
08/02/W 08/15/90 

PHl PHl 

GRAB GRAB 

i mw17(4-6) 

~4-8 

2LMWl7S 

06/15/90 

PHI 

GRAB 

2LMWlBs(D-2) 

I I I I I 1 

SEMNOIATILES (UGIKG) 
390 u I 410 u I 350 u I 370 u I 350 u I 1 FLUORENE ! 370 u ! 360U I 

o-2 

2LMW18S 

08107l90 

PHl 

GRAB 

INDENO(l,2,SCD)PYRENE 370 u 360U 390 u 410 u 350 u 370 u 35OU 

NAPHTHALENE 370 u 360U 390 u 410 u 35OU 370 u 350 u 

PHENANTHRENE 370 u 36OU 390 u 410 u 350 u 370 u 76 J 

PYRENE 370 u 360U 390 u 410 u 57 J 370 u 140 J 

PESTlClDESlPCBs (UGIKG) 

! 17 u 
I 

4,4’-DDD I 18 U I 17 u 19 u I 80U I 170 u I 180 u 

4,4-DDE 18 U 17 u 19 u 80U 170 u 180 u I 17 u I 
4,4-DDT ! 18 U I 17 u I 19 u 80U 170 u 180 u 21 J 

1 ALDRIN I 9u I 
-- 
8.7 U ! 

-- . 
9.5 u 4OU 86U 90U 8.4 U 

i ALPHA-CHLORDANE I 90U I 87 U I 95U 4ooU 860U 900U 84U f --. 
AROCLOR-1242 90U 87 U 95U 4CiOU 860U 900U 84u ,, 

AROCLOR-1248 90U 87 U 95U 4OOU 860 U 900U 84 U ’ 

AROCLOR-1254 180 U 170 u 190 u 800U 1700 u 1800 u 170 u 

AROCLOR-1260 180 u 170 u 190 u 800U 1700 u 1800 u 170 u 

INORGANICS (MGIKG) 
ALUMINUM 12700 13600 15100 13300 J 6710 6740 6670 

ANTIMONY 1.8 UJ 1.9 UJ 1.9 UJ 14.9 UR 12.8 UJ 13.4 UJ 12.5 UJ 

ARSENIC 3.9 3.5 3.3 4.6 J 1.8 2.7 3.7 J 

BARIUM 43.5 44.8 47.2 18.4 J 57.5 32.8 49.0 

BERYLLIUM 0.54 0.63 0.62 0.54 J 0.42 0.46 0.65 



TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LMW13(2-4) 2LMW33(2-4) 

DEPTH (feet): 2-4 2-4 
LOCATION: 2LMW13S 2LMw13S 
SAMPLE DATE: w/2290 08l22l90 
INVESTIGATION: PHI PHl 
SAMPLE PIPE: GRAB GRAB 
STATUS: 

2LMW13(6-8) 2LMW14S(5-7) 

6-8 5-7 
2LMw13S 2LMW14S 

o8cw90. 08/02l9o 
PHl PHl 

GRAB GRAB 

2LMW17(0-2) 

o-2 

2LMWI 7s 

08/15/90 
PHI 

GRAB 

INORGANICS (MO/KG) 

2LMW17(4-8) 

4-8 

2LfmJ17S 

owl 5190 
PHI 

GRAB 

2LMW1&(02) ‘I 

o-2 

2LfvlWlBS 

08107l90 
PHl 

GRAB 

3 
0 

Ii 



“) “‘I 

TABLE 6-4 

P SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

% 

AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LMW18S(2-6) 2LMW7(7-10) 

DEPTH (feet): 2-8 7-10 

LOCATION: 2LfvlW18S 2LMW7S 
SAMPLE DATE: 08/07/90 08/l 390 

INVESTIGATION: PHl PHl 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

2LMW6@-10) 2LMW9(24l) 

6-10 2-8 

2LMW8S 2LMW9S 

08/02/W 08/16/90 
PHl PHI 

GRAB GRAB 

12LMW9(0-4) 

o-4 

2Lfvlw9S 
08/l 7/90 
PHl 
‘GRAB 

2LMW19(04) 

o-4 

2Lfvlw9S 

08/l 7Km 
PHl 

GRAB 

2LSSl 

0 - 0.5 

2LSSl 

11/28/90 
PHl 

GRAB 

, c 
VOLATILES (UG/KG) 

1 ,1,2,2-TETRACHLOROETHANE 5u 5u 37 u 5u 5u 6U 2600U 

1 ,l ,ZTRICHLOROETHANE 5u 5u 37 u 5u 5u 6U 2600U 
P-BUTANONE 11 u 11 u 75 u 11 u 11 u 11 u 5300 u 
QMETHYL-2-PENTANONE 12 11 u 75 u 11 u 11 u 11 u 5300 u 
ACETONE 58 11 u 75 u 11 u 11 u 11 u 53oou 

CARBON DISULFIDE 5J 5u 37 u 5u 5u 6U 2600u 
* 

1 CHLOROBENZENE I 5u I 5u ! 37 u ! 5u ! 5u ! 6U ! 4500 I 
CT”“, RENTIENC I 15 I 5U I 37 u I 5u I 5u I 6U I 14000 I L 81 I I LYLI.LL8.L I .- I I I I I 
.lCtU”l er,c PU, nDlnE 1 .I I 5 II I 37 11 I 5lJ I 5U I 6U I 2600U I rv,L I n 1 LLI.L “rlL”I\I”L . - - - -. - - - 

TETRACHLOROETHENE 5u 5u 37 u 5u 5u 8U 2600U 

TOLUENE 5u 5u 11 J 5U 5u 6U 2600U 

TRICHLOROETHENE 5u 5u 37 u 5u 5u 6U 2600 u ‘, 

XYLENES, TOTAL 180 5u 37 u 5u 5u 6U 75ooo ’ 
SEMlVOLATlLES (UGIKG) 

“I DUENtTl I la00 u I 350 u I 490 u I 1800 u I 1800u I 3700 u I 34ClU I 2,4-DIMETH n ,a , aLm.vL 

2-METHYLNAPHTHALENE 

I .--- - 

I 1800 u ! 350 u ! 53 J ! 1800 u ! 18oou I 3700 u I 340U 
340 II 1 QMETHYLPHENOL I 1800 u I 35OU I 49OU I 1800 U I 1800 u I 3700 u 

*rCNdD”TUENE 161X3 LJ 350 u 5OJ 1800 u 1800 u 3700 u I 34OU I C\“LI.C\I I I I I ILI.L .--- - 

ACENAPHTHYLENE 1800 u 350 u 490 u 1800 u 1800 u 3700 u 34OU 
ANTHRACENE 2305 350 u 260J 1600 u 1800 u 3700 u 34OU 
BENZO(A)ANTHRACENE 370 J 99J 290 J 490 J 570 J 360J 130 J 

I 310 J I 350 u 250 J 1800 u 1800 u 43OJ 34OU 
I 



TABLE 64 

!s 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

s 
0 

ii 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

2LMW166(2-6) 2LMW7(7-10) 

2-6 7-10 

2LMWl8S 2LMW7S 

08/07/90 08/15/90 
PHl PHl 
GRAB GRAB 

2LMWBS(610) 

6-10 

2LMW8S 

PHl 
GRAB 

SEMIVOLATILES (UGn<G) 

2LMW9(2-8) 2LMW9(&4) 

2-8 o-4 

2LMW9S 2Lhw9S 
08/16/90 08/17/90 
PHl PHl 

GRAB GRAB 

2LMW19(0-4) 2LSSl 

o-4 0 - 0.5 

2Lhmv9S 2LSSl 
08/l 7/w 11l28l9O 
PHl PHI 
GRAB GRAB 

FLUORENE 1800 u 35OU 130 J 18(1 IOU I 1800 u I 37 -.w u 34OU 

INDENO(1,2,3CD)PYRENE 1800 u 350 u 490 u 1800u 1800 u 3700 u 340U 

NAPHTHALENE 360 J 350 u 120 J 18OOl.J 1800 u 3700 u 34OU 

PHENANTHRENE I 780 J I 140 J I 680 I 380J I 390 J I 410 J I 66J 

PYRENE 820 J 200J 550 680 J J _ 970 590 J I 110 J 
PESTlClDESlPCBs (UGIKG) 

4,4’-DDD I 24 J I 190 I 190 J I 170 u I 180 U I 180 U I 17 u 

4,4’-DDE 24 J 16 J 80U 170 u 180 u 180 u 17 u 

HEPTACHLOR EPOXIDE I 8.6 u I 83 U I 4OU I 86U I 91 u I 90U I 8.6 u I 
1 METHOXYCHLOR I 68U I 830 U I 400U I 860U I 910 u I 900U I 86 u 

INORGANICS lMG/KGl 
I 

ALUMINUM 7790 4450 9680J 6470 7020 7130 6160 

ANTIMONY 15.7 UJ 12.2 UJ 15.6 UR 12.5 UJ 12.8 U 13.2 U 5.3 UR 

ARSENIC 1.9 J 1.2 8.0 J 1.9 2.2 1.6 2.0 

BARIUM 116 25.4 42.5 J 47.2 62.3 79.5 56.4 

BERYLLIUM 3.9 0.25 0.53 J 1.2 3.0 ( 2.1 1.5 J 



TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LMWlLIS(2-6) 2LMW7(7-10) 

DEPTH (feet): 2-6 7-10 

LOCATION: 2LMW18S 2LMW7S 

SAMPLE DATE: 08/07/90 08/15/90 

INVESTIGATION: PHI PHI 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

2LMWfJS(6-10) 

6-10 

2LMW8S 

08/02&O 
PHI 

GRAB 

2LMW9(28) 2LMW9(04) 

2-8 o-4 
2LMW9S 2LMW9S 

08/l 6l90 08/17/90 
PHI PHI 
GRAB GRAB 

2LMW19(@4) 

o-4 

2LfdW9S 

08/17/w 

PHl 

GRAB 

2LSSl 

0 - 0.5 

2LSSl 

11128i90 

PHl 

GRAB 



TABLE 64 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

G SAMPLE NUMBER: 2LSS2 
s 

2LSS20(0-1) 2LSS30(0-1) 2LSS21(0-1) 2Lss22(o-1) 2LSS23(c-1) 
DEPTH (feet): 

2LSS24(0-1) 
0 - 0.5 o-1 O-l O-l o-1 o-1 o-1 

LOCATION: 2LSS2 2LSS20 2LSS20 2LSS21 2LSS22 2LSS23 2LSS24 
SAMPLE DATE: 11128t90 03f28194 03ml94 03l28l94 ow28lQ4 OW28l94 03CW94 
INVESTIGATION: PHl FFS FFS FFS FFS FFS FFS 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
STATUS: 

VOlATlLES (UGIKG) 

s 
0 

h 

ZENE 2J 11 u 12 u 12 u 11 u- 11 u 11 u 
METHYLENE CHLORIDE 3J 5J 6J 6J 5J 6J 5J 

TETRACHLOROETHENE 4J 11 u 12 u 12 u 11 u 11 u 11 u 

TOLUENE 5U 11 u 12 u 12 u 11 u 11 u 11 u 

TRICHLOROETHENE 2J 11 u 12 u 12 u 11 u 11 u 11 u *: 

XYLENES, TOTAL 4J 11 u 12 u 12 u 11 u 11 u 11 u ’ 
SEMlVOLATlLES lUG/KGI 

L 

t 2 4-DIMETHYLPHFNc’X I 9300 U I 380 U I 380U I 4OOU I 380U I 380 u I 360U 

380U 380U 360U 

- - - -. .._.. -_ 
2-METHYLNAPHTHALENE 

QMETHYLPHENOL 

ACENAPHTHENE 

ACENAPHTHYLENE ! 9300 u 

9300 u 380U 380U 4OOU 

9300 u 380U 380U 4OOU I 380U I 380 u I 360 u 
9300 u 380U 380U 4OOU 380U 380 u 360U 

I 38c IU I 380U ! 4OOU ! 380U ! 380 u ! 360U I 
1 ANTHRACENE I 9300 u I 380U I 380U I 4OOU I 360U I 380U I 36OU I 

9300 u I 380U 380 BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

BENZO(G,H,I)PERYLENE 

BENZO(K)FLUORANTHENE 

BlS(2-ETHYLHEXYL)PHTHALATE 

CARBAZOLE 

CHRYSENE 

DI-N-BUTYL PHTHALATE 

DIBENZOFURAN 

__- - 
U 4OOU 380U 120 J 360U 

9300 u 380 u 380U 4OOU 380U 140 J 360U 

9300 u 380U 380 u. 4OOU 380U 170 J 36OU 
9300 u 380U 380U 4OOU 380U 380U 360U 

9300 u 36 IOU ! 380 U 1 4OOU I 360U ! 89 J I 36OU I 
9300 u 380 u 380U 4OOU 380U 380U 380 u 

380U 380U 4OOU 380U 380 u 360U 

9300 u 380U 3fiOlJ 4OOU 360U 120 J 360U 

93w u I 38OU I 380 U 4WU 380U 380 u 360U 

93w u I 380U I 360U 4OOU 380U 380U 360U 



‘) “) 
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TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LSS2 2LSS20 (O-l) 

DEPTH (feet): 0 - 0.5 o-1 

LOCATION: 2LSS2 2LSS20 

SAMPLE DATE: 11/28/90 03ml94 
INVESTIGATION: PHl FFS 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

2LSS30 (bl) 2LSS21 (o-l) 2Lss22 (O-1) 2LSS23(0-1) 2LSS24(0-1) 
O-l O-l o-1 o-1 o-1 
2LSSM 2LSS21 2LSS22 2LSS23 2LSS24 
0328/94 03mf94 03l28El4 03l28i94 0328l94 
FFS FFS FFS FFS FFS 
GRAB GRAB GRAB GRAB GRAB 

SEMIVOLATILES (UG/KG) 

FLUORANTHENE 

FLUORENE 

INDENO(I,2,3-CD)PYRENE 

NAPHTHALENE 

PHENANTHRENE 

PYRENE 
PESTlClDESlPCBs (UGIKG) 

9300 u 380U 380U 4WU 140 J 230J 360U 

9300 u 380U 380U 4OOU 380U 380U 360U 

9300 u 380U 380 u 4WU 380U 380U 360U 

9300 u 380 u 380U 4WU 380U 380U 360U 

9300 u 380U 380U 4OOU 380U 150 J 360U 

1100 J 380 u 380 U 4WlJ 160 J 270 J 360U 

ENDRIN ALDEHYDE 3.9 u 3.9 u 4u 3.8 U 3.9 u 3.7 u 

ENDRIN KETONE 570 3.9 u 3.9 u 4u 3.8 U 3.9 u 3.7 u 

GAMMA-CHLORDANE 860U 2u 2u 2.1 u 2u 2u 1.9 u 

HEPTACHLOR 86 u 2u 2u 2.1 u 2u 2u 1.9 u 

HEPTACHLOR EPOXIDE 86 u 2u 2u 2.1 u 2u 2u 1.9 u = 
METHOXYCHLOR 860 u 20U 20U 21 u 20 u 20U 19 u o,JI 

INORGANICS (MG/KG) al 
ALUMINUM 5910 7150 5680 12200 6180 8220 8580 =r,- 

ANTIMONY 5.3 UR 2.6 U 2.3 U 3.2 U 2.9 u 3.0 u 2.4 U 

.A5 

ARSENIC 1.1 0.5 0.59 2.2 1.2 1.9 1.1 
s= 

. -Ja 



TABLE 6-4 

5 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL: NSB-NLON: GROTON. CONNECTICUT 

F 
G 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

2LSS2 

0 - 0.5 

2LSS2 

11/28/90 

PHl 

GRAB 

2Lsszo (O-l) 2LSS30 (o-l) 2LSS21 (o-l) 2LSS22 (O-l) 2w23 (@I) 2LSS24 (O-l) ’ 

o-1 o-1 O-l o-1 o-1 o-1 
2LSS20 2LSS20 2LSS21 2LSS22 2LSS23 2LSS24 
0328l94 03l28l94 03ml94 03i28l94 03l28Kl4 03Q8i94 
FFS FFS FFS FFS FFS FFS 
GRAB GRAB GRAB GRAB GRAB GRAB 

STATUS: 



‘8 
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TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LTB13(0-2) 2LTB13-0001 
DEPTH (feet): o-2 o-1 

LOCATION: 2LTB13-FFS 2LTB13-PH2 

SAMPLE DATE: llm9l93 12/03/93 

INVESTIGATION: FFS PH2-1 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

VOLATILES (UGIKG) 

1 ,1,2,2-TETRACHLOROETHANE 11 u 

1 ,1,2-TRICHLOROETHANE 11 u 

P-BUTANONE 11 u 

QMETHYL-2-PENTANONE 11 u 

ACETONE 24 U 

CARBON DISULFIDE 11 u 

CHLOROBENZENE 11 u 
ETHYLBENZENE 11 u 

METHYLENE CHLORIDE 12 u 

TETRACHLOROETHENE 11 u 

TOLUENE 11 u 

TRICHLOROETHENE 11 u 

XYLENES, TOTAL 11 u 

2LTt313-MllA(FIELD) 2LTB134102(FIELD) 2LTB134204(FIELD) 2LTB134406(FIELD) 2LTB134608(FI~LD) 
o-1 l-2 2-4 4-6 6-8 
2LTB13-PH2 2LTBl3-PH2 2LTB13-PH2 2LTB13-PH2 2LTB13-PH2 
1 zo3/93 12ml93 12lo3l93 12io3i93 12lo3l93 
PH2-1 PH2-1 PH2-1 PH2-1 PHZ-1 
GRAB GRAB GRAB GRAB GRAB 

k 

,2 .- 

.---.. 

_...“_ 

.I 1 

__ 

DI-N-BUTYL PHTHAIATE I 350 u I I I I I I $2 

DIBENZOFURAN 36OU Sd 



TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

F 
G 

2LTBl30406(FIELD) 2LTB130508(FIELD) 

4-6 6-8 
2LTB13-PH2 2LTB13-PH2 

SAMPLE DATE: 12lo3l93 12/03/93 
INVESTIGATION: PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB 



“I 
1 

“1, 
‘, 

TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

x AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

$ SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

DlOXlNSlFURANS (UGIKG) 

2LTB13 (O-2) 2LTB13MW)l 

o-2 o-1 

2LTB13FFS 2LTB13-PH2 

11 ml93 12lo3t93 

FFS PH2-1 

GRAB GRAB 

2LTFKi-WOlA(FIELD) 2LTB134102(FIELD) 2LTB13-O204(FIELD) 

O-l l-2 2-4 

2LTBl3-PH2 2LTB13PH2 2LTB13-PH2 

12lo3l93 12lo3tQ3 12/03/93 
PH2-1 PHZ-1 PH2-1 

GRAB GRAB GRAB 

2LTEWO406(FIELD) 2LTl3134608(FIELD) 

4-6 6-B 

2LTB13-PH2 2LTB13-PH2 

12lWB3 12/03/93 
PH2-1 PH2-1 

GRAB GRAB 



TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LTB16 (o-2) 2LTB17 (O-2) 
DEPTH (feet): o-2 o-2 
LOCATION: 2LTB16 2LTB17 
SAMPLE DATE: 11mi93 llKw93 
INVESTIGATION: FFS FFS 
SAMPLE TYPE: GRAB GRAB 
STATUS: 

2LTBll.I (@2) 12LTl319 (2-4) 12LTB19 (4-6) 2LTB2(2-8) I2LTB20 (6-8) ” 

o-2 2-4 4-6 

2LTB18 2LTB19 2LTB19 

iim2m3 11110193 11114f93 
FFS FFS FFS 

GRAB GRAB GRAB 

2-6 6-8 
2LTB2 2LTB20 
08/l 6/W lltO9i93 
PHI FFS 

GRAB GRAB 

I I f I 
VOLATILES (UGIKG) 

I I I 

1 ,1,2,2-TETRACHLOROETHANE 12 u 11 u 10 u 11 u 26 U 3000U 

1,l ,P-TRICHLOROETHANE 12 u 11 u 10 u 11 u 28 U 3WOU 

2-BUTANONE 12 u 12 u 13 u 11 u 57 u 3OUOU 
CMETHY. _ --..-...-. - 1 

L-Z-PENTANONE I 12 u I 11 u I 10 u I 11 u I I 57 u I 3000U 

ACETONE 65 UJ 71 UJ 75 UJ 44U 250 J 3OWU 
I I 

CARBON DISULFIDE 12 u 11 u 10 u 11 u 28 U 3OOOU 

CHLOROBENZENE 12 u 11 u 10 u 11 u 28 U 3UOOU 

ETHYLBENZENE 5J 11 u 10 u 11 u 68J 7700 

METHYLF~ INE CHLORIDE I 12 u ! 11 u ! 10 u ! 25 1 I 28 u I 3000U 

TETRACHLOROETHENE 12 u 11 u 10 u 11 u I 
I 

28 U I 3OOOU 

TOLUENE 16 10 J 4J 11 u 6J 3000U 
TRICHLOROETHENE 12 u 11 u 10 u 11 u I 

I 6” ” I 
XYLENES TOTAl 12 11 II II A I 7 I I CM I 

, -..--.---I .-...- 
SEMIVOLATILES (UG/KG) 

2,4DIMETHYLPHENOL 

2-METHYLNAPHTHALENE 

I 7R II I wxl u ,, 

I .- - I . . - I “I I Y “CnJ d 8800’ I I I I I 

I 9300 UJ 1 11000 UJ I QQot )U 350 u 7500 u 
I 

12000u 

9300 UJ 1 11000 UJ 
! ! I I 

9900U I 430 I I I 
1300J I 12ooou 

7500 u 1 12ooou QMETHYLPHENOL I 9300 UJ 1 11000 UJ I 9900U 34OJ 

ACENAPHTHENE 9300 UJ 1 11ooO UJ 
! ! 

QQOI 1t.l I 620 I I 7500 u I 84OOJ 

1 11000 UJ ! 99OOU 350 u 7500 u 12ooou 1 ACENAPHTHYLENE I 9300 UJ ’ 

ANTHRACENE 9300 UJ 11000 UJ 9900U 5ou 7500 u 19000 
BENZO(A)ANTHRACENE 9300 UJ 11000 UJ 9900U 

1 
950 750 ou ! 23ooO 

I 

BENZO(A)PYRENE 9300 UJ 11000 UJ 9900U 750 75cm u ! 15000 
I 

BENZO(B)FLUORANTHENE 9300 UJ 11000 UJ QQOC 
I 

BENZO(G,H,I)PERYLENE 9300 UJ 1lOOC 

IU 860 7500u 15WO 

I UJ I !BOOU 2BOJ 7500u 12000 u 

1 BENZO(K)FLUORANTHENE ! 9300 UJ 1 11000 UJ 99OOU 540 7500 u 14000J 

IU 410 9800J 

1 UJ 1 11000 UJ I 9!KlOU 920 7500u 19000 
1 DI-N-BUTYL PHTHAIATE ! 9300 UJ 1 11COO UJ 9900U 350 u 7500 u 12ooo u 

4 

BIS(S-ETHYLHEXYL)PHTHALATE 
CARBAZOLE 

CHRYSENE 

9300 UJ 1 11UOO UJ I 9900U ! 480 ! ! 1ooou 
1 

1 12000u 
9300 UJ 11000 UJ QQOC I 

93oc 

1 DIBENZOFURAN I 9300 UJ 1 11000 UJ I 9900U I 490 I I 7500 u I 13ooo I 

r 
4, ’ (; ” II ’ 



TABLE 64 
SUMMARY OF POSITIVE SOIL 
AREA A LANDFILL: NSB-NLOb 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

ANALYTICAL RESULTS 
; GROTON, CONNECTICUT 

2LTB16(@2) 2LTB17(0-2) 2LTB18 (o-2) 2LTB19(2-4) 2LTB19(4-6) 
o-2 o-2 o-2 2-4 4-6 

2LTB16 2LTB17 2LTB18 2LTBl9 2LTBlQ 
11/04/93 11 IO3tQ3 11 lO2i93 1111olQ3 11114tQ3 

FFS FFS FFS FFS FFS 

GRAB GRAB GRAB GRAB GRAB 

2LTB2(2-6) 

2-8 16-8 

2LTB2 2LTB20 

0806IQO ~ 11mt93 
PHl FFS 

GRAB ~ GRAB 

,2LTB20 (68) ’ 

9300 UJ 11000 UJ ! QQOOU 1 1800 1 7500 u 47000 

9300 UJ 11000 UJ QQOOU 790 7500 u 17000 

9300 UJ 11000 UJ QQOOU 230 J 7500 u 12ooo u 

9300 UJ 11000 UJ QQOOU 1000 7500 u 
h 

I I 9300 UJ -___ -_ I 11OOOUJ 1 99OOU I 1800 I I 860 J I 61000 I 

I 9300 UJ 1 11000 UJ I QQOOU I 1700 I I 7500 u I I 

SEMlVOLATlLES (UGMG) 
FLUORANTHENE 

FLUORENE 

INDENO(1,2.3-CD)PYRENE 

NAPHTHALENE 

PI IL,.“,. ,,....-1.b LlCNbMTl4RFNF 

PYRENE 
PESTlClDESIPCBs (UGIKG) 

79 J 110 110 UJ 180 J 180 u 34J 

MJ 26 J 67 J - ,$-DDE 14OJ 180 u 4.1 u 

4,4-DDT 7.3 UJ 12 J 3.5 u 14 J 180 u 13 J 

ALDRIN I 0.56 J I 1.9 u I 1.8 UJ I 1.8 U I I 91 u I 2.1 u 

ALPHA-CHLORDANE 39 J 16 J 1.8 UJ 1,8 U 910 U 2.1 u : I 
41u’ I AROCLOR-1242 37 UJ 36U 35 UJ 35 u 910 U 

AROCLOR-1248 37 UJ 36 U 35 UJ 35 u 910 U 

AROCLOR-1254 150 J 87 J 490 J 920 J 1800 u 

AROCLOR-1260 230 J 36U 35 u 35 u 1800 u 

nlFl l-WIN 4.4 J 4.5 J 3.5 UJ 3.5 u 180 U I 4.1 u I 
U 

1 ENDOSULFAN-I ! 1.9 UJ ! 1.9 U ! 1.8 UJ ! 1.8 U ! ! 91 u ! 2J 

I.u-I..... I 

ENDOSULFAN II ! 3.7 UJ I 2J I 3.5 u ! 3.5 u ! I 160 u I 4.1 :’ 
I 

ENDRIN 2.4 J 0.89 J 3.5 u 3.7 J 180 U 3.9 J 

ENDRIN ALDEHYDE 3.7 UJ 19 J 3.5 u 3.5 u 91 

ENDRIN KETONE 3.7 UJ 3.6 U 3.5 u 3.5 u 180 u 5.9 J 

GAMMA-CHLORDANE 

EPTACHLOR I 1.9 61 UJ J I 1.9 11 J u I 1.8 1.8 UJ U I 0.51 1.8 U J I I 910 91 u u I 2.1 2.1 u u HI 
HEPTACHLOR EPOXIDE I 1.9 UJ I 1.9 U I 1.8 UJ I 1.8 U I I 91 u I 0.66 J 

METHOXYCHLOR 19 UJ 19 J 18 U 18 U 910 u 21 u I 
INORGANICS (MGIKG) 

7 1 ALUMII VUM I. 8710 I 
1 

5990 I 5150 I 7ooo I I 7470 I 7140 0 I / A LI-rIk”~M” l-l,. I Il.,“I. I I 37 LJJ 13.3 UJ 58.8 J 

ii 

-.- -- I 17.7 UJ I 14.3 UJ 44.6 J 

ARSENIC I 2.0 J I 1.5 UJ I 2.7 I 2.1 J 1 I 4.5 I 5.0 J I 



2LTB16 (O-2) 2LTB17(0-2) 2LTB18 (O-2) 2LTB19 (2-4) 2LTB19 (66) 2LTB2(28) 

o-2 o-2 o-2 2-4 4-6 2-8 
2LTB16 2LTBl7 2LTBl8 2LTB19 2LTBl9 2LTB2 
11/04/93 11 lO3fQ3 11 lO2lQ3 11M0193 11/14#3 06l16lQB 
FFS FFS FFS FFS FFS PHl 
GRAB GRAB GRAB GRAB GRAB GRAB 

TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 

DEPTH (feet): 
LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 
STATUS: 

INORGANICS (MGIKG) 

ASH (%) 92 93.5 

CATION EX. CAPACITY (meg/lOO9) 4.9 3.9 

PH 8.08 J 8.56 J 

SPECIFIC GRAVITY (g/cm3) 2.4 2.3 

2 TOTAL ORGANIC CARBON (MGIKG) 4500 2900 
0 

E 

‘I 

2LTB20(6fJ) 

6-8 

2LTB20 

11 loQl93 
FFS 
GRAB 



‘I,, 
1 

‘1 
.) 

TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

1 STATUS: 

2LTB23 (4-8) 2LTB33 (44) 

4-8 4-8 

2LTB23-FFS 2LTB23-FFS 

llmm3 11 loBI 
FFS FFS 

GRAB GRAB 

2LTBZ34C02(FIELD) 2tTB23-0406 

o-2 4-6 

2LTB23-PH2 2LTB23-PH2 

12/03/93 12lo3lB3 
PH2-1 PH2-1 
GRAB GRAB 

2LTB234MC%(FIELD) 

4-6 

2LTB23-PH2 

l2m3i93 
PH2-1 

GRAB 

VOLATILES (UGIKG) 

TRICHLOROETHENE 17 u I I 3300 u I 45OOU I I I 
XYLENES, TOTAL I 17 u 75WOJ 140000J 

I 
I 



TABLE 6-4 

x 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

2LTB22 (68) 2LTB22 (8.10) 

6-8 8-10 
2LTB22 2LTB22 

11/0!%3 11102l93 
FFS FFS 

GRAB GRAB 

2LTB23 (4-8) 

4-6 

2LTB23-FFS 

11/08/B3 
FFS 

GRAB 

2LTB33 (4-8) 

4-8 

2LTB23-FFS 

11/08/B3 
FFS 

GRAB 

2LTB23-CCC!(FIELD) 

o-2 

2LTB23-PH2 

12/03/93 

PHZ1 

GRAB 

2LTB23-0406 ~2LTB2344OEjFIELD) 

4-6 

2LTB23-PH2 

12/03/93 

PH2-1 

GRAB 

4-6 

2LTB23-PH2 

12lo3lB3 

PH2-1 

GRAB 

i I 
SEMIVUIATII 

.__.. _-. _ -.,ES (uGIKG 

FLUORANTHI INE I 4100 

! 

! 1 15oou I 230 J I I I I 
FLUORENE 2200U I I 15oou I 370 u ! ! 1 I 
INDENO(1,2$CD)PYRENE 2200 UJ 1500 u 370 UJ 

NAPHTHALENE 2200 u 920 J 350 J 

3700 1500 u 310 J 
I , 

PHENANTHRENE 

PYRENE 
PESTlClDESlPCBs (UGIKG) 

4,4’-DDD 

4,+-DDE 

I 4900 I I 1500 UJ I 4SOJ I I I I 
I I 24 J I 360 u I 370 u I I 

16 360U 370 u 

DIELDRIN I 1.2 J I 360U I 370 u I 
ENDOSULFAN II 4u 360U 370 u 

..-._ -.-_._- a--.---, 

1,2,3,4,6,7&HPCDF 0.254 u 0.246 0.18 U 

12347SHXCDF I I I I , 0.256 u 0.306 0.62 U 

1,2,3,6,7&HXCDF 0.742 U 0.153 0.58 u 



TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL: NSB-NLON: GROTON. CONNECTICUT 

SAMPLE NUMBER: 
DEPTH (feet): 

LOCATION: 
SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

, 
ZLTEQZ (6-8) 2LTB22 (810) 

6-8 6-10 

2LTl322 2LTB22 

11/05/93 11 x)2/93 
FFS FFS 

GRAB GRAB 

2LTB23 (4-6) 

4-6 

2LTB23-FFS 

11 lo6l93 
FFS 

GRAB 

2LTB33 (4-6) 2LTB23-C002(FIELD) 2LTB23-0406 2LTB2%04C%(FI;LD) 

4-6 o-2 4-6 4-6 
2LTB23-FFS 2LTB23-PH2 2LTB23PH2 2LTB23-PH2 

1l/o6l93 12lo3l93 12lo3l93 12lo3i93 
FFS PH2-1 PH2-1 PH2-1 
GRAB GRAB GRAB GRAB 

L . ..a.“m..#.-.m~..11 ,II~IV~h 
UIUhINDIrUIVINJ \UUlnUj 

OCDD I I I 1.962 u I 1.626 I I 1.7 J I I 



TABLE 64 

z 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

F 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

s 
SAMPLE NUMBER: 2LTB23-OK@(FIELD) 2LTB23-081O(FIELD) 

DEPTH (feet): 6-6 6-10 
LOCATION: 2LTB23-PH2 2LTB23-PH2 
SAMPLE DATE: 12lo3i93 12lo3i93 
INVESTIGATION: PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB 
STATUS: 

VOLATILES (UGIKG) 

2LTB2%1012(FIELD) 2LTB26 (4-6) 2LTB28 (4-6) 2LTB29 (10-12) 

10-12 4-6 4-6 IO-12 
2LTB23-PH2 2LTB26 2LTB26 2LTB29 
12lo3l93 l1112l93 llH2l93 1 l/14/93 
PH2-1 FFS FFS FFS 
GRAB GRAB GRAB GRAB 

2LTB39 (W-12) 

IO-12 

2LTB29 

11114l93 
FFS 

GRAB 



TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE NPE: 

12LTB23-C608(FIELD) 

6-6 

2LTB23-PH2 

12lo3m 
PH2-1 

GRAB 

2LTB2%0810(FIELD) 

6- 10 

2LTB23-PH2 

12/03/x3 

PH2-1 

GRAB 

2LTB2’%1012(FIELD) 12LTB26 (4-6) 12LTB28 (4-6) 

IO-12 4-6 4-6 

2LTB23-PH2 2LTB26 2LTB26 
12lo3m 11112i93 11/12/93 

PH2-1 FFS FFS 

GRAB GRAB GRAB , 

2LTB29 (10-12) 

IO-12 

2LTB29 

11114m 
FFS 

GRAB 

STATUS: 
I I I I I I I 

SEMIVOLATILES (UG/KG) 

1 FLUORANTHENE I ! ! ! ! ! ! 
d 4600 1000 520 IJ 99OJ 
1 

I2LTB39 (10-12) 

‘IO-12 

2LTB29 

11114l93 
FFS 

GRAB 

1 

FLUORENE 

INDENO(1,2,3-CD)PYRENE 
NAPHTHALENE 

PHENANTHRENE 

PYRENE 

1400 380 u 400U 410 u 

640J 240 J $10 J 330 J 

390 J 360U 400U 410 u 

5700 570 400 UJ 460J 

4600 1200 650 J 13OOJ 

INORGANICS (MGIKG) 
ALUMINUM 6590 6840 2 6250 7410 

0 ANTIMONY 7.3 UJ 17.6 UJ 56.7 J 59.0 J 

ii ARSENIC 1.5 J 2.5 4.5 J 4.1 J 



TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLOI 

SAMPLE NUMBER: 

DEPTH (feet): 
LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

; GROTON, CONNECTICUT 

2LTB2?&XkI(FIELD) 2LTB2&0810(FIELD) 

6-6 6-10 
2LTB23-PH2 2LTB23PH2 
12lO3i93 12m3l93 
PH2-1 PH2-1 
GRAB GRAB 

2LTB2%1012(FIELD) 

IO-12 

2LTB23-PH2 

12lo3l93 
PHZ-I 

GRAB 

2LTB26 (4-6) 

4-6 
2LTB26 

11H2lQ3 
FFS 

GRAB 

2LTB28 (4-6) 

4-6 
2LTB26 

1 l/12/93 

FFS 

GRAB 

2LTB29 (10-12) 

10-12 

2LTB29 
11114iQ3 

FFS 

GRAB 

2LTB39 (W-12) 

IO-12 
2LTB29 

1 111l4m3 
FFS 

GRAB 

H 

THALLIUM 0.25 u 0.24 UJ 0.76 U 0.77 u 

VANADIUM 22.0 20.5 J 27.9 J 31.4 J 

ZINC 190 J I 376 J 403OJ 1960J 

I’ 
1 

I 
III : I, 



TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LTB31 (S-10) 2LTB9(0-2) 

DEPTH (feet): 6-10 o-2 

LOCATION: 2LTB31 2LTB9 

SAMPLE DATE: 11114i93 11105@3 
INVESTIGATION: FFS FFS 

SAMPLE PIPE: GRAB GRAB 

STATUS: 

VOLATILES (UG/KG) 

1 ,I ,2,2-TETRACHLOROETHANE 13 u 10 u 

1 ,I ,ZTRICHLOROETHANE 13 u 10 u 

2-BUTANONE 13 u 10 u 

QMETHYL-ZPENTANONE 13 u 10 u 

ACETONE 63 U 19 UJ 

LF-SBO3-18 520.5 LF-SSO4-0810 LF-SB0512.5145 

16.5 - 20.5 6-10 12.5- 14.5 
LF-SB03 LF-SBW LF-SBO5 
02/l 6/95 02/l 7195 02/l 6l95 II 

LFGEO LFGEO LFGEO 
GRAB GRAB GRAB 

16 U 11 u 13 u 

16 U 11 u 13 u 

16 U 11 u 13 u 

16 U 11 u 13 u 

16 J 11 u 13 u 

II 



TABLE 6-4 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT 

2LTB9(0-2) 1 LFSBO3-18.520.5 1 LFSBo44I810 ~LFSBW2.514.5 SAMPLE NUMBER: 2LTB31 (&IO) 

DEPTH (feet): 8-10 
LOCATION: 2LTB31 
SAMPLE DATE: 11114/93 _ 1 INVESTIGATION: FFS 
SAMPLE TYPE: GRAB 
STATUS: 

SEMNOLATILES (UGIKG) 

o-2 18.5 - 20.5 8-10 12.5 - 14.5 
2LTB9 LF-SBOJ LF-SB04 LF-SBO5 
11105m3 om6l95 02/l 7l95 02/18/95 
FFS LFGEO LFGEO LFGEO 
GRAB GRAB GRAB GRAB 

II 

= P,= 
INORGANICS (MO/KG) 0 

? ALUMINUM 9280 5500 15200 9780 16400 zc 

0 

iii ANTIMONY 25.6 J 1.3 UJ 1.3 u 0.67 u 1.0 u 

d6 

ARSENIC 8.6 J 0.87 UJ 9.0 0.94 J 4.5 ( iv 
\ -l*l-r 



S’, 

.) 

” I, 

) 

TABLE 64 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON; GROTON, CONNECTICUT i 

F SAMPLE NUMBER: 2LTB31(&10) 2LTB9(0-2) LF-SEm18520.5 LF-SBO4'3810 LF-SB0512.514.5 
z DEPTH (feet): 8-10 o-2 18.5 - 20.5 8-10 12.5 - 14.5 

LOCATION: 2LTB31 2LTB9 LF-SB03 LF-SBW LF-SBOS 

SAMPLE DATE: 11l14i93 II/o5193 WI 6l95 02l17l95 02ll iv95 II II 

INVESTIGATION: FFS FFS LFGEO LFGEO LFGEO 

SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB 

STATUS: 

VANADIUM I 22.6 J I 13.8 I 40.3 I 29.1 I 38.2 I I 

ZINC 7570 J 36.4 J 57.3 47.7 38.3 



TABLE 6-6 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT ’ 

SAMPLE DATE: 
LOCATION: 

SAMPLE TYPE: 

STATUS: 

ARSENIC IS.OhI.5) I 0.200 I 0.170 I 0.190 I O.OD4O I 0.180 J I 0.190 J I 0.190 J I 

CHROMIUM (5.0/0.5) I 0.05oo u 1 o.o5oou 1 0.05wu 0.0100 u 

.o/O.l 5) 0.100 u I 0.100 u I 0.100 u I 0. 

I 0.0310 UJ 0.0080 UJ I o-o060 UJ I 0. 

l Federal Toxklty Characterlstk Regulatory Level (68 FR 46049)IConnWkut Remedlath Standard Pollutant MoMIll Criteria for GB waters. 

c II,, 



TABLE 6-6 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 

8 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

I 

s SAMPLE NUMBER: 2LMWlas(28) 2LMW7(7-10) 2LMWFq610) 2LMW9(2-8) 2LMW9(0-4) 2LMW19(0-4) PLSSI 

INVESTIGATION: PHI PHI PHl PHI PHI PHl PHl 
SAMPLE DATE: 08lo7l90 08l15l90 lXWO2l90 Owl B/90 Owl 7190 Ofu17l9O 11Kw9O 
LOCATION: 2LMWl8S 2LMW7S 2LMwBS 2LMw9S 2LMW9S 2LMw9S 2LSSl 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
STATUS: 

TCLP METALS @G/L) 

ARSENIC (5.Ob3.5) 0.100 u 0.210 J 0.0080 0.300 J 0.100 u 0.180 J 0.3oD u 

BARIUM (1 OO.O/lO.O) 0.3W 0.300 J 0.140 J - 0.320 J 0.290 J 0.290 J 0.370 J 

CADMIUM (1.0/0.05) 0.0180 0.0050 J o.w5o u 0.0340 J 0.0190 J 0.0220 J 0.0370 

CHROMIUM (5.OIO.5) O.OlW u 0.0100 u 0.0120 J 0.0350 J O.OlW u O.OlW u o.o5oD u 

LEAD (5.Obl.15) 0.300 J 0.100 u 0.0070 J 0.840 J 0.170 J 0.250 J 0.300 u 

SELENIUM (1.010.5) 0.100 u 0.100 J o.oozo u 0.230 J 0.100 u 0.100 u 0.006D J 

SILVER (5.01035) O.WW UJ o.ooBo u 0.0100 J 0.0420 J o.w8o u o.owJ u 0.0070 UR 

l Federal Toxicity Characterlstlc Regulatory Level (68 FR 46048)/iC0nnectkut Retmdiin Standard Pollutant Mobility Criteria for GB waters. 



TABLE 6-6 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

I 

SAMPLE NUMBER: 2Lss2 2LTB18 (O-2) 2LTB2(28) 2LTf326 (4-6) 

INVESTIGATION: PHl FFS PHl FFS 
SAMPLE DATE: llM8l90 1 lKm93 08llW9U 1 l/12/93 
LOCATION: 2LSS2 2LTBl8 2LTB2 2LTB25 
SAMPLE TYPE: GRAB GRAB GRAB GRAB 
STATUS: 

TCLP METALS (#Aon). 

1 ARSENIC (S.OIO.5) I 0.300 u 1 0.0345 UJ I 0.280 J I 0.0345 u I I I 1 
BARIUM (lOO.O/lO.O) I 0.280 J I 1.06 J I 0.340 J I 0.532 I I I 
CADMIUM (1.0/0.05) 0.0150 0.0580 J 0.0310 J 0.0097 

CHROMIUM (5.OIO.5) o.o5al u 0.0321 J 0.0290 J 0.0059 

LEAD (500.15) 0.300 u 2.19 J 0.580 J 0.301 

SELENIUM (1 sOiO.5) o.oo2o u 0.0218 UJ 0.140 J 0.0218 U 

SILVER (5.0/0X) 0.0070 UR 0.0019 UJ 0.0110 J 0.0019 u 

l Federal Toxkity Characteristk Regulatory Level (58 FR 45048)lConnuctkut Remediatlon Standard Pollutant Mability Criteria for GB waters. 

c 

, 

Yl 6 II rl /I 
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TABLE 6-6 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 

x NSB-NLON, GROTON, CONNECTICUT 

e PAGE 1 OF 5 
I 

6 

I 1 SURFACE SOIL ( < 2 FEET RFACE ( > 2 FEET) (2) I 1 Ill SUBSU _ 
Frequency Concentration Location of Frequency Concentration -Location of 

Analyte of Range Maximum of Range Maximum 
Detection Detection Detection Detection 

VOLATILE ORGANICS (uglkg) 

L 

SEMIVOLATILE ORGANICS (uglkg) 
2,4-Dimethylphenol I 0115 I I ND I l/20 I 190 I 2LTB23 
2-Methvlnaphthalene O/l5 ND 5120 53-l 300 2LTB2 
4-Methylphenol O/l 5 ND 2120 340-2000 2LTB23 
Acenaphthene 0115 ND 4120 50-8400 2LTB20 
Acenaphthylene O/l5 ND II20 220 2LTB28 
Anthracene O/l 5 ND 5120 230-l 9000 2LTB20 

IBenzo(a)anthracene 
I I 

I 5/l 5 I 97-570 I 2LMW9 I 1 l/20 I 99-23000 I 2LTB20 I 
4115 46-430 2LMW9 1 O/20 250-I 5000 2LTB20 
5/l 5 130-370 2LMW9 II/20 70-I 5000 2LTB20 
l/l5 44 2LMW17 4/20 230-590 2LTB26 

I,--, - - I 

6/li 
I I --- --- -- I ..-- I --- --- I --. --- 

loranthene I I 57-640 I 2LMW9 I 1 l/20 I 120-14000 I 2LTB20 I 



TABLE 6-6 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 -AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 5 

I Analyte 

SURFACE SOIL ( < 2 FEET) (1) SUBSURFACE ( > 2 FEET) (2) 
Frequency Concentration Location of Frequency Concentration Location of 

of Range Maximum of Range Maximum 



,,( 

) “J 
TABLE 6-6 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 5 

SURFACE SOIL (<2 FEET) (1) SUBSURFACE (>2 FEET) (2) 
Frequency Concentration Location of Frequency Concentration Location of 

Analyte of Range Maximum of Range Maximum 
Detection Detection Detection Detection 

Heptachlor epoxide o/15 ND 2120 0.66-5.3 2LTB29 
Methoxychlor 1115 19 2LTB17 o/20 ND 
PESTlClDESlPCBs - FIELD SCREENING (uglkg) 

‘Aroclor-1248 213 94-780 2LTB13 617 51-3700 2LTB23 
Aroclor-1254 213 200-340 2LTB23 5l7 110-19400 2LTB23 
DlOXlNS/FURANS (w/kg) 

1,2,3,4,6,7,8-HpCDk - -. o/2 - ND II2 0.246 2LTB23 
1,2,3,4,7,8-HxCDF o/2 ND 112 0.306 2LTB23 

,8-HxCDF o/2 ND II2 0.153 2LTB23 
212 1.592-2.5 2LIB13 212 1.626-l. / 2LTU23 

1,2,3,6,7 
D 

INORGANICS (mglkg) 

Aluminum 
Antimony 

Arsenic 

I 4 

15115 5150-12200 2LSS21 20120 4450-15100 2LMW13 
O/l 3 ND 6118 25.6-l 34 2LTB22 ti 

12115 0.59-3.7 2LMW18S 20120 0.94-10.6 2LTB22 
Barium 15115 29.5-l 99 2LTB17 20120 18.4-667 2LTB23 
Beryllium 15115 0.29-3 2LMW9 20120 0.25-3.9 2LMW18S 

ia 22.7-79.8 2LTB22 
.TB23 

Boron O/IO ND 5. - --.. . -.- 
Cadmium 10115 0.48-6 2LMW9 18120 0.32-12.1 SC.--- 
Calcium 15115 794-6090 2LSS23 20120 856-l 7200 2LTB22 I 
Chromium* 
Cobalt 

t 
15115 8.2-26.5 2LTB17 I 20120 8.8-289 2LTB22 
15115 3.8-23.8 2LMW9 19120 4.3-122 2LTB22 

Copper 15115 4.3-871 2LTB18 20/20 12.4-21600 2LTB22 
Cyanide 4/l 5 0.08-0.22 2LTB17 3120 0.35-0.74 2LTB29 

Ilr& I 15/15 7660-17700 1 2LMW9 20120 8260-l 57000 2LTB22 
TB17 20120 5.5-1780 2LTB22 Lead 15115 5449 2L. - __.__ -.- . . __ --. --- 

Magnesium 15115 1680-3960 2LSS20 20120 1570-9330 2LTB23 
Manganese 15115 93.9-285 2LTB18 20120 74-l 150 2LTB22 
Mercurv 3/l 5 0.03-0.61 2LTB18 9120 0.14-3.6 2LMW17 



TABLE 6-6 
SUMMARY OF SOIL ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 4 OF 5 

SURFACE SOIL ( < 2 FEET) (1) SUBSURFACE ( > 2 FEET) (2) 
Concentration Concentration 

Thallium 
Vanadium 
Zinc 
TCLP METALS (mg/L) 

O/l 5 ND 1120 1.8 LF-SB03 
15/15 13.8-36.2 2LMW18S 20120 13.9-138 2LTB20 
15/15 24.5-5340 2LTB18 20120 27.5-9850 2LTB22 

Arsenic (5.0/0.5) (4) I 316 1 0.18-0.19 1 2LMW18S 1 8/l 0 I 0.004-0.3 I 2LMW9 Barium (100.0/l 0) 6/6 1 0.25-1.06 1 2LTB18 1 lO/lO t 0.14-0.532 1 2LTB26 I 
Cadmium (1.0/0.05) I 516 0.0089-0.058 2LTB18 S/;O 0.005-0.065 2LMW17 
Chromium (5.0/0.5) 216 0.01-0.032 1 2LTB18 5/10 0.0059-0.035 2LMW9 ’ 

ILead (5.0/0.151 
tselenium r 1.G.5) 

I I 316 -. - I 0.22-2.19 -_-- -. ._ 2LTBlB 6/l 0 0.004-0.84 2LMW9 

(5.d/O.i6) 
. I I l/6 I I 0.006 2LSSl 6/10 0.003-0.23 2LMW9 

Silver I 014 I ND 4110 0.01-0.042 2LMW9 
MISCELLANEOUS PARAMETERS 
1 4sh (%) I l/l I 92 
Caticn exchange capacity (meq/ 1 

I 2LTB17 I l/l I 93.5 I 2LTB19 I 

I I I I I I 
1 ow I l/l I 4.9 I 2LTBl7 I l/l I 3.9 I 2LTB19 
PH l/l 8.08 2LTB17 l/l 8.56 2LTB19 
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TABLE 6-6 

J 

SUMMARY OF SOIL ANALYTICAL RESULTS 

s 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

G( PAGE 5 OF 5 
s 

Analyte 

Specific gravity (g/cm3) 
Total organic carbon (malkn) 

SURFACE SOIL (<2 FEET) (1) SUBSURFACE ( > 2 FEET) (2) 
Frequency Concentration Location of Frequency Concentration Location of 

of Range Maximum of Range Maximum 
Detection Detection Detection Detection 

l/l 2.4 2LTB17 l/l 2.3 2LTBl9 
l/l 4500 2LTBl7 l/l 2900 2LTBl9 

1 includes samples 2LMW17 (O-2), 2LMWl8S (O-2), 2LMW9 (O-4), 2LMW19 (O-4) (field duplicate of 2LMW9 (O-4)), 2LSS1, 
2LSS2, 2LSS20 (O-l), 2LSS30 (O-l) (field duplicate of 2LSS20 (O-l)), 2LSS21 (O-l), 2LSS22 (O-l), 2LSS23 (O-l), 
2LSS24 (O-l), 2LTB13 (O-2), 2LTB13-0001, 2LTB13-OOOl A, 2LTB13-0102, 2LTB16 (O-2), 2LTB17 (O-2), 
2LTBl8 (O-2), 2LTB23-0002, and 2LTB9 (O-2). Maximum concentrations are used for evaluation of field duplicates 
and are counted as one sample. 

2 Includes samples 2LMWl3 (2-4), 2LMW33 (2-4) (field duplicate of 2LMW13), 2LMW13 (6-8), 2LMW14S (5-7), 2LMW17 
(4-8), 2LMW18S (2-6), 2LMW7 (7-lo), 2LMW8S (6-lo), 2LMW9 (2-8). 2LTB13-0204, 2LTB13-0406, 2LTB13-0608, 
2LTB19 (2-4), 2LTB19 (4-6), 2LTB2 (2-8), 2LTB20 (6-8), 2LTB22 (6-8), 2LTB22 (8-lo), 2LTB23 (4-8), 2LTB33 (4-8) 
(field duplicate of 2LTB23 (4-8)), 2LTB23-0406, 2LTB23-0608, 2LTB23-081,0, 2LTB23-1012, 2LTB26 (4-6), 2LTB28.(4-6), 
2LTB29 (10-l 2), 2LTB39 (1 O-l 2) (field duplicate of 2LTB29 (1 O-l 2), 2LTB31 (8-l 0), LF-SB03 - 18.5-20.5, LF-SB04-0810, ” 

and LF-SB05 - 12.5-14.5. Maximum concentrations are used for evaluation of field duplicates and are counted as one 

sample. 
3 Not Detected. 
4 Values in parentheses represent Federal Toxicity Characteristic Regulatory Level (58 FR 46049Konnecticut Clean-Up 

Standard Pollutant Mobility Criteria for GB Waters. 



TABLE 6-7 

5 SUMMARY OF POSITIVE PAVEMENT ANALYTICAL RESULTS 

8 r 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT I 

SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

PESTKXDES/PCEls fUG/KGl 

Xl 2LC2 2LC3 2Lc4 

2LCl 2LC2 2LC3 2LC4 
llH5f93 11M5l93 1111393 11ml93 II II I f  

FFS FFS FFS FFS 
GRAB GRAB GRAB GRAB 

. -- _.-.---.. ___ ,--..- -, 
t 4.4’-DDD I 3.3 UJ I 30 UJ I 170 u I 12 I I I 

? 

0 

Ei 
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TABLE 6-6 

SUMMARY OF PAVEMENT ANALYTICAL RESULTS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Analyte 

Revision 1 

March 1997 

PESTlClDESlPCBs 

1 Includes samples 2LCl,2LC2,2LC3, and 2LC4. 

D-01-95-10 6-77 CT0 129 
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TABLE 6-9 
g SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
!? AREA A LANDFILL: NSB-NLON, 

$ SAMPLE NUMBER: 
s INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

VOLATILES (UG/L) 

GROTON, CONNECTICUT 
011091-2LMWl30 2LGW13D 

PHl PH2-1 

01/10/91 03121194 
2LMWl3D PLMWl3D 

Deep D-P 
Unfiltered Unfiltered 

9 BENZOIC ACID SOU 50 UJ 1 J 
0 
Is BlS(2-ETHYLHEXYL)PHTHALATE 10 u 10 u 20 

BUTYL BENZYL PHTHAIATE 

10 10 u u 

10 u 10 u 10 u 
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TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

c 
SAMPLE NUMBER: 1 011091-2LMW13D 12LGW13D 12LGW13D 12LGW13D-2 12LGW13D-2 ~2LGw13s 12LGW13s 
INVESTIGATION: 

SAMPLE DATE: 

LOCATION: 

SCREEN DEPTH: 

FILTERING: 

CFMIVW flTII FC II In/l I 

PHl 

OlHOt91 

2LMWl3D 

D-P 
Unfiltered 

PH2-1 PH2-1 

0321 I94 03m I94 
PLMW13D 2LMW13D 

Deep Deep 
Unfiltered Filtered 

PH2-1 

Oll25i94 

L- 2LMWl3S 

Shallow 

Filtered 

“~1.1*1~-,.~~” \“.m.., 

CARBAZOLE 10 u 10 u 10 UJ 

DI-N-BUlYL PHTHAIATE 10 u 10 u 10 u 10 u 

DI-N-OCTYL PHTHALATE 10 u 10 u 10 u 10 u 

DIBENZOFURAN 10 u 10 u 10 u 10 u 

DIETHYL PHTHALATE 10 u 10 u 10 u 10 u 

FLUORENE 10 u 10 u 10 u 10 u 

N-NITROSODIPHENYLAMINE 10 u 10 u 10 u 10 u 

NAPHTHALENE 10 u 10 u 10 u 10 u 

PHENANTHRENE 10 u 10 u 10 u 10 u 

PHENOL, 10 u 10 u 10 u 10 u 

? 
PESTlClDESlPCBs (UGIL) 

8 AROCLOR-1016 I 0.5 u I I I I I I 
AROCLOR-1254 1 u 

1 AROCLOR-1260 I 1 u I I I I I I I 
INORGANICS (UGIL) 

ALUMINUM 30.0 u 255 24.3 U 240 u 61.9 U 69300 35.6 u 

ANTIMONY 25.0 u 15.0 u 15.0 UJ 17.9 u 12.0 u 77.4 R 34.1 

ARSENIC 3.0 u 2.0 u 2.0 UJ 3.6 U 5.0 u 19.6 J 7.3 J 

BARIUM 33.4 63.0 61.5 67.9 67.5 416 37.4 

1 BERYLLIUM I 1.0 u I 1.0 u I 1.0 u I 1.0 u I 1.0 u I 4.2 I 1.0 u I 
BORON 5.4 R 50.0 u 50.0 u 40.9 u 26.0 123 U 131 u 

CADMIUM 44.6 J 2.0 u 2.0 u 2.7 J 2.0 u 2.0 u 2.0 u 

CAI ClllM 36100 61300 65100 41700 263ocl 

CHROMIUM 5.0 u 3.0 UJ 3.0 u 3.0 u 3.5 u 142 3.0 u 

COBALT 5.0 u 9.0 u 4.0 u 3.0 u 3.0 u 35.5 4.0 u 

COPPER 5.0 u 2.0 u 2.0 u 6.6 4.7 u 125 4.2 

IRON 3760 J 10600 4350 14100 3100 117000 43900 

LEAD 2.0 UJ 2.0 u 2.0 UJ 3.6 J 2.0 u 51.1 1.0 UJ 

9 MAGNESIUM 4510 6620 6570 6120 6470 314ocl 5910 

0 MANGANESE 406 166 176 261 277 2570 1610 

iii MERCURY 0.2 u 0.2 u 0.2 u 0.2 UJ 0.2 u 0.32 0.2 u ~ 



TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: CJlllTx2LMW13D 2LGWl3D 2LGWi3D 
INVESTIGATION: PHl PH2-1 PH2-1 
SAMPLE DATE: OlH0/91 03121 I94 03/21/94 
LOCATION: 2LMWl3D 2LMWl30 2LMWl3D 
SCREEN DEPTH: Deep D-P Deep 
FILTERING: Unfiltered Unfiltered Filtered 

INORGANICS fUG/Ll 

2LGWl3D-2 

PH2-2 

07loai94 

2LMWl3D 

Deep 
Unfiltered 

2KN’l3D-2 

PH2-2 
o7m0l94 

2LMWl3D 

Deep 
Filtered 

2LGWl3S 

PH2-1 

Oli25l94 
2LMWl3S 

Shallow 

Unfiltered 

2LGW13S 

PHZ1 
01i2W94 

PLMWl3S 
Shallow 

Filtered 

21.7 J 18.4 U 

1950 3100 

1.0 u 3.0 u 

7.0 u 2.0 UJ 

! 10.0 u ! a.4 u I 7.0 u 79.5 10.0 u 

3240 4390 4200 10700 2800 

3.0 UJ 3.0 u 5.0 UJ 30.0 u 3.0 UJ 

2.0 UJ 2.0 u 2.0 u 2.0 u 2.0 u 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

, 

SODIUM 26500 60100 63300 39600 39900 

THALLIUM 2.0 u 10.0 UR 10.0 UR 4.0 J 5.0 u 10.0 UJ 1.0 UJ 

VANADIUM 20.0 u 5.0 u 5.0 u , 3.8 U 3.0 u 182 5.0 u 

ZINC 10.8 J 8.2 u 2.0 u 12.3 U 12.6 U 211 5.3 u 
RADIONUCLIDES (PCUL) 

GAMMA SPEC (K4b) ND ND 

Q) GROSS ALPHA i4 GROSS BETA 24.1 17.9 +I- +I- 4.20 3.90 12+/-3.oOJ 19 +/- 3.00 J 24 42 +I- +I- 5.00 4.00 U 

MISCELLANEOUS PARAMETERS (MGIL) 

HARDNESS as CaC03 I I 156 I I 182 I I 600 I I 

3 
0 

E 
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TABLE 6-9 

p SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

VOLATILES IUGM 

121790-2LMWl4D 

PHl 

12ll7/9O 

2LMW14D 

D=P 
Unfiltered 

$ AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 
2IGWl4D 12LGW14D ~010891-2LMWl7D 12LGWl7D I2LGWl7D 12LGW17D-2 
PH2-1 PH2-1 

03121194 03121 I94 
PLMWl4D 2LMW14D 

Deep D-P 
Unfiltered Filtered 

PHl 

01 iotv91 
2LMWl7D 

Deep 
Unfiltered 

PH2-1 

03/l 5l94 
PLMWl7D 

Deep 
Unfiltered 

PH2-1 

03115/94 
2LMW17D 

Deep 
Fittered 

PH2-2 

0711 o/94 
2LMWl7D 

D-P 
Unfiltered 

/ 

2,4DINITROTOLUENE 10 u 10 u 10 u 10 u 20 u 

2-CHLOROPHENOL 10 u 10 u 10 u 10 u 20U 

ZMETHYLNAPHTHALENE 10 u 10 u 10 u 10 u 20U 

QCHLORO-3-METHYLPHENOL 10 u 10 u 10 u 10 u 20U 

4METHYLPHENOL 10 u 10 u 10 u 10 u 6J 

ACENAPHTHENE 10 u 10 u 10 u 10 u 20U 

ANTHRACENE 10 u 10 u 10 u 10 u 20U 

‘-I’ BENZOIC ACID 50U 50U 50U 50 UJ 50U 
0 
iii BlS(2-ETHYLHEXYL)PHTHALATE 

BUl-YL BENZYL PHTHALATE 

10 10 u u 10 10 u u 10 10 u u 10 u 6J 

10 u 20U 



TABLE 6-9 

g 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

z 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

r 
;s 
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TABLE 6-9 
m SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
4 AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

# 

I 

2LGW17D-2 

6 PH2-2 

07/l o/94 
2LMW17D 

Deep 
Unfiltered 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 
I.nA”e..IIeC ,,,mll 1 

121790-2LhlW14D 

PHl 

12/l 7190 
2LMWl4D 

Deep 
Unfiltered 

2LGW14D 

PH2-1 

03l21 I94 

2LMW14D 

Deep 
Unfiltered 

2LGW14D 

PH2-1 

03/21/94 

2LMW14D 

Deep 
Filtered 

010891~ZLMW17D 

PHI 

01/08/91 

2LMW17D 

Deep 
Unfiltered 

2LGW17D 

PH2-1 

03/l 5i94 
2LMW17D 

Deep 
Unfiltered 

2LGW17D 

PH2-1 

03/l 5t94 
2LMWl7D 

Deep 
Filtered 

,Iy”lx”buvl~3 (VU&, 

NICKEL 7.0 u 10.0 UJ 10.0 UJ 18.4 J 10.0 u 14.5 u I 7.0 u I 
POTASSIUM 5830J 2840 3200 9630 1930 1650 

SELENIUM 1.0 u 3.0 u 3.0 u 1.0 u 3.0 UJ I 3.0 UJ 

1 SILVER I 7.0 u ! 2.0 UJ ! 2.0 UJ ! 7.0 u 2.0 UJ 2.3 U 2.0 u 

SODIUM I 26500 I 68600 10600 16500 15900 16700 

THALLIUM 2.0 u 10.0 UJ 10.0 u 2.0 u 10.0 UR 1.0 UR 5.0 u 

U 5.0 u 3.0 u 1 VANADIUM ! 20.0 u ! 5.0 u I 6.3 I 20.0 u I 5.0 

ZINC I 16.6 J I 28.6 I 19.4 I 8.7 J I 3.7 u I 8.9 u I 17.1 u 1 
f?ADlONUCLlDES (PCUL) 

GROSS ALPHA 1 1.5 +I- 2.20 I I 1 2.9 +I- 2.20 I I I 
GROSS BETA 1 11.6+/-3.10 1 1 4 +I-3.00 

MISCELLANEOUS PARAMETERS (MGR) 

1 HARDNESS as CaC03 I I 122 I I I 92 I I 160 



TABLE 6-9 

g 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

z 
SAMPLE NUMBER: PLGW 17D-2 OlOBl-2LMW17S 2IGWl7S 2LGW17S 2LGW17S-2 2LGW17S-2 1213SU2LMW18D 
INVESTIGATION: PH2-2 PHl PH2-1 PH2-1 PH2-2 PH2-2 PHI 
SAMPLE DATE: 07/l o/94 OllO2/91 03/l !5t94 03/15/94 07llOl94 0711 o/94 12/l 3190 
LOCATION: 2LMW17D 2LMW17S 2LMW17S 2LMW17S 2LMW17S 2LMW17S 2LMW18D 
SCREEN DEPTH: Deep Shallow Shallow Shallow Shallow Shallow Deep 
FILTERING: Filtered Unfiltered Unfiltered Filtered Unfiltered Filtered Unfiltered 

VOLATILES (UGR) 

= 

%Z 
c)< 

9 BENZOIC ACID !5OU 50 UJ I 6OU 6OU s5 
0 

BIS(2-ETHYLHEXYL)PHTHALATE BUTYL BENZYL PHTHALATE 
10 u 10 u 10 u 6J 

45 

g 10 u 10 u 10 u 10 u iv _ -J-L 
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1 1213902LMWl8D 
, 

TABLE 6-9 
r, SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

AREA A LANDFILL: NSB-NLON. GROTON. CONNECTICUT 

i SAMPLE NUMBER: 1 2LGW17D-2 j010291-2LMWl7S 2LGWl7S 

~ INVESTIGATION: 

I2LGW 17s 2LGWl7.S2 2LGW17S-2 

PH2-2 PHI PH2-1 PH2-1 PH2-2 PH2-2 PHI 
SAMPLE DATE: 07t10194 01/02/91 03ll5&4 03/15/94 07/10/94 07/I 0194 12/13/9O 
LOCATION: 2LMWl7D 2LMwl7S 2LMWl7S 2LMWl7S 2LMWl7S SLMWI 7s 2LMW18D 
SCREEN DEPTH: Deep Shallow Shallow Shallow Shallow Shallow Deep 
FILTERING: Filtered Unfiltered Unfiltered Filtered Unfiltered Filtered Unfiltered 

I I 1 
SEMNOLATILES (UGIL) 

ii 

PESTlClDESlPCBs (UGiL) 

AROCLOR-1016 0.52 U 0.52 U 

AROCLOR-1254 1 u IU 

AROCLOR-1260 1 u 1 u ‘I 



TABLE 6-9 

g SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

SAMPLE NUMBER: 1 2LGW17D2 I010291-2LMW17S 12LGW17S (2LGW17S 12LGW17S-2 12LGW17S-2 i12135U2LMW18D 

$ AREA A LANDFILL: NSB-NLON. GROTON. CONNECTICUT 

8 
s 

! 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

PH2-2 

07/10/94 
2LMWl7D 

D-P 
Filtered 

PHI 

01/02t91 
2LMWl7S 

Shallow 

Unfiltered 

PH2-1 PH2-1 

030 5l94 03/15/94 

2LMWl7S 2LMW17S 
Shallow Shallow 
Unfiltered Filtered 

PH2-2 

07/l o/94 
SLMWI 7s 

Shalknv 

Unfiltered 

PH2-2 

07/l 0194 
2LMW17S 

Shallow 

Filtered 

PHI 

12/13/9cl 

2LMW18D 

Unfiltered 

.3 

NICKEL 7.0 u 17.6 J 10.0 u ! 11.7 u ! 7.0 u ! 7.0 u 7.0 u 

POTASSIUM 2450u 1300 2250 2220 2990 2500 u 4350J 

SELENIUM 5.0 UJ 1.0 u 3.0 UJ 3.0 UJ 5.0 UJ 5.0 UJ 1.0 u 

SILVER 2.0 u 7.0 u 2.0 UJ 2.6 U 2.0 u 2.0 u 7.0 u 

GROSS ALPHA I 
GROSS BETA 
MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I 
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TABLE 68 
p SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

SAMPLE NUMBER: 1 2LGW18D 12LGWlBD 12LGW18D-2 12LGW18D-2 ~1213%?LMW18S ~1213%!LMWl9S 12LGW18s ’ 

+ AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

: 

PH2-1 
03123194 

2LMWIBD 

Deep 
Filtered 

PH2-2 

06/26/94 

2LMW18D 

Deep 
Unfiltered 

VOLATII ES lUG/Ll 

SEMIVOLATILES (UGR) 

1,2/l-TRICHLOROBENZENE I 10 u I I 10 UJ I I 67 J I 72 J I 7J 

1 ,ZDICHLOROBENZENE 10 u 10 UJ 10 J 14 J 10 u 

1,3-DICHLOROBENZENE 10 u 10 UJ 25 J 33 J 7J 

1 ,QDICHLOROBENZENE 10 u 10 UJ 99J 140 J 14 

2+DICHLOROPHENOL 10 u 10 UJ 10 UJ 10 UJ 10 u 

2,4DIMETHYLPHENOL 10 u 10 UJ 19 J 10 UJ 10 u , 

2+DINITROTOLUENE 10 u 10 UJ 10 UJ 10 UJ 10 u 

2-CHLOROPHENOL 10 u 10 UJ 4J 10 UJ 10 u 

2-METHYLNAPHTHALENE 10 u 10 UJ 3J 4J 6J 

4-CHLORO+METHYLPHENOL 10 u 10 UJ 10 UJ 10 UJ 10 u 

QMETHYLPHENOL 10 u 10 UJ 15J 22J 6J 

ACENAPHTHENE 10 u 10 UJ 10 UJ 10 UJ 1 J 

ANTHRACENE 10 u 10 UJ 10 UJ 10 UJ 10 u 

s o BENZOICACID 2J 50U 50 UJ 50 UJ 14 J I 
G BlS(2-ETHYLHEXYL)PHTHALATE 10 u 10 u 4J 10 UJ 10 u 

BUTYL BENZYL PHTHALATE 10 u 10 UJ 10 UJ 10 UJ 10 u 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
g AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE DATE: 

3 
rnn 

a2 
3G 
IL5 

s= 
-ld 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLOI 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

GROTON, CONNECTICUT 
PLGW 18D 2LGW18D 

PH2-1 PH2-1 

03i23194 03/23&l 

2LMw18D 2LMw18D 

Deep Deep 
Unfiltered Filtered 

1213~2LMWlBS 1213!%?LMW19S 

PHI PHI 

12/13/90 12/l 3190 
2LMwl8S 2LMWI 8s 

Shallow Shallow 

Unfiltered Unfiltered 

, 
2LGW18s 

PH2-1 

03l23/94 
2LMW18S 

Shallow 

Unfiltered 

RADIONUCLIDES (PWL) 

GAMMA SPEC (K40) 
GROSS ALPHA 

GROSS BETA 

MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I 

ND 

0 +I- 24.30 0 +I- 25.90 1 +I- 9.00 UJ 

56.3 +I- 16.40 51.8 +I- 16.40 63 +I- 14.00 J 

72 I I 76 I I I I 890 I 

,, .7. 

’ , 

‘$‘. 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2LGW18.S 2LGW18S-2 2LGW18S-2 

INVESTIGATION: PH2-1 PH2-2 PH2-2 
SAMPLE DATE: 03ZW4 cl6Lw94 06/26/94 
LOCATION: 2LMW18S 2LMWlBS 2LMW18S 
SCREEN DEPTH: Shallow Shallow Shallow 
FILTERING: Filtered Unfiltered Filtered 

VOLATILES (UG/L) 

2LGW19D 2LGWlSD 2LGW19D-2 2LGW19D-2 
7 

PH2-1 PH2-1 PH2-2 PHZ-2 

03l23l94 03/23/94 06/23/94 w23B4 

ZLMWI 9D 2LMW19D 2LMW19D 2LMWl9D 

DIP Deep Deep Deep 
Unfiltered Filtered Unfiltered Filtered 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2LGW18S 2LGW 18s2 2LGWE-S2 

INVESTIGATION: PH2-1 PH2-2 PH2-2 

SAMPLE DATE: 03l23l94 06l26l94 06ml94 
LOCATION: 2LMW18S 2LMW18S 2LMW18S 
SCREEN DEPTH: Shallow Shallow Shallow 
FILTERING: Filtered Unfiltered Filtered 

2LGW 19D 2LGW19D 

PH2-1 PH2-1 

03/23&M 03123194 

2LMW19D 2LMW19D 

Deep Deep 
Unfiltered Filtered 

2LGW19D-2 

PH2-2 

2LMW19D 

Deep 
Unfittered 

I 

2LGW19D-2 

PH2-2 
06/23/94 
2LMW19D 

Deep 
Filtered 

CARBAZOLE I I 0.8 J I I 10 UJ I I 10 u I 
DI-N-BUTYL PHTHALATE 0.8 J 10 UJ 10 u 

1 DI-N-OCTYL PHTHALATE ! ! 10 u ! ! 2J ! ! 10 u ! I 
DIBENZOFURAN 10 u 10 u 10 u 

DIETHYL PHTHAIATE 13 10 UJ 10 u 

FLUORENE 10 u 10 UJ 10 u 

N-NITROSODIPHENYIAMINE 1 J 10 u 10 u 

NAPHTHALENE 17 10 UJ 10 u 

PHENANTHRENE 10 u 10 u 10 u 

PHENOL 10 u 1 J 10 u 

F PESTlClDESlPCBs (UGA) 

2 AROCLOR-1016 7.5 J 

AROCLOR-1254 1 UJ 

AROCLOR-I 260 290J I 

INORGANICS (UGIL) 
ALUMINUM 112 u 593 62.5 334OJ 14.0 u 90.0 u 15.0 u 

ANTIMONY 15.0 UJ 12.0 UR 12.0 u 15.0 u 15.0 u 13.0 u 13.0 u 

ARSENIC 5.0 J 6.2 U 2.6 4.9 J 2.8 J 2.3 1.0 u 

RARII IM 352 564 523 281 172 257 265 

0 MANGANESE 1070 668 705 I 

g MERCURY 

I I I I 

0.2 u 0.32 J 0.2 u 0.2 u I 0.2 I 0.2 u I 

BERYLLIUM 1.0 u 1.0 u 1.0 u 1.5 J 1.4 J 1.0 u 1.0 u 

BORON 359 J 303 J 290 50.0 u 50.0 u 50.0 u 50.0 u 

CADMIUM 6.1 U 2.0 UR 2.0 u 2.0 u 2.0 u 3.0 u 3.0 u 

r.ll IM 161000 58500 62800 80300 77600 94100 97600 



TABLE 6.9 
o SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
5 AREA A LANDFILL; NSB-NLON. GROTON. CONNECTICUT 

r;r 
s 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 
SCREEN DEPTH: 

FILTERING: Filtered 

2LGW18S 

+H2-1 

03/23B4 
2LMWI 8s 

Shallow 

Unfiltered 

2LGWl&-2 

PH2-2 

06l26l94 
2LMWl8S 
Shallow 

2LGW18S2 

PH2-2 

cwm94 
PLMWIBS 
Shallow 
Filtered 

2LGW19D 

PH2-1 

03l23l94 

2LMW19D 
Deep ’ 

Unfiltered 

2LGW19D 

PH2-1 

03123194 
2LMW19D 

Deep 
Filtered 

2LGWwD-2 

PH2-2 

06l23l94 
2LMW19D 

D=P 
Unfiltered 

I 

2LGW19D-2 

PH2-2 

06l2w94 
2LMW19D 

Deep 
Filtered 

1 I 

GAMMA SPEC (K40) 45 +I- 61 .oO 

9 GROSS ALPHA 11 +I- 6.00 

Is GROSS BETA 36 +I- 9.00 
MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I I 84 I I 260 I I 304 I I 

c L I Iii 



TABLE 6-9 

_ SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
g AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LGW19S 2LGW19S 

INVESTIGATION: PH2-1 PH2-1 

SAMPLE DATE: 01 l23l94 01/23/94 

LOCATION: SLMVVI 9s ZLMWI 9s 

SCREEN DEPTH: Shallow Shallow 

FILTERING: Unfiltered Filtered 

VOLATILES (UGIL) 

“) 

2LGWfSS-2 I2LGW19S-2 I2LGW2OD 

‘) 

0 

2LGW2UD 12LGW2oD-2 

PHB1 PH2-2 

o4m6l94 07mw94 
2LMW2OD 2LMW2OD 

Deep Deep 
Filtered Unfiltered 

2-METHYLNAPHTHALENE 10 u 10 u 10 u 10 u 

QCHLORO-3-METHYLPHENOL 10 u 10 u 10 u 10 u 

QMETHYLPHENOL 10 u 10 u 10 u 10 u 

ACENAPHTHENE 10 u 10 u 10 u 10 u 

ANTHRACENE 10 u 10 u 10 u 10 u 

2 BENZOIC ACID 5OU !5OU 0.9 J 2J 

0 BlS(2-ETHYLHEXYL)PHTHAlATE 10 u 10 u 10 u 10 u 

g BUTYL BENZYL PHTHALATE 10 u 10 u 10 u 10 u 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

2LGW2OD 

PH2-1 

o4m6l94 

2LMW2OD 

Deep 
Filtered 

CARBAZOLE I 10 u I I 10 u I I 10 u I I .- - 

DI-N-BUTYL PHTHAIATE 10 u 10 u 10 u ! ! 10 u I 
1 DI-N-OCTYL PHTHALATE I 10 u I I 10 u I I 10 u I I 10 u 

DIBENZOFURAN I 10 u 10 u 10 u 10 u 
DIETH‘” -. .-. _. _-- _- . . 

YL PHTHALATE I 10 u I I 10 u I I 10 u I ! 10 u .- I 
FLUORENE ! 10 u I I 10 u I 10 u 10 u 

1 N-NITROSODIPHENYIAMINE ! 10 u I I 10 u I 10 u 10 u 

1 NAPHTHALENE I 10 u I I 10 u I 10 u 10 u 

~~~~ PHENANTHRENE I 10 u I I 10 u I I 10 u 10 u 
PHENOL 10 u 10 u 0.7 J 10 u 

0) INORGANICS (UGILI 

loo u I 10300 I 116 U I 172 U I 41.5 u I 2lXU I $? ’ ’ ALUMINUM 124 , 

ANTIMONY 15.0 u 17.2 J 12.0 u 12.0 u 13.0 u 13.0 u 12.0 u 
ARSENIC 2.0 u 2.0 u 5.0 J 5.0 u 2.8 J 2.0 u 3.0 u I 

BARIUM 98.7 103 503 386 231 220 126 

BERYLLIUM 1.0 u 1.0 u I 1.0 u ! 1.0 u ! 1.0 u ! 1.0 u ! 1.0 u I 
J I 58.8 U I 40.5 u I 31.2 U I 50.0 u I 34.7 u I 

2.0 u I 2.0 u I 2.0 u I 3.0 u I 3.0 u I 2.0 ul 
BORON I 50.0 UJ 51.7 

CADMIUM 2.0 u -.- - 
CALCIUM I 18200 J 19200 I I I 35000 26700 

CHROMIUM 3.0 u 3.0 u I 12.4 I 4.4 u 4.0 u 4.0 u 5.0 J 

COBALT I 4.0 u I 4.0 u I !E- I 3.1 u 10.0 J I 
I 

6.3 U 
I 

24.8 

COPPER 1 _ 2.0 u I 2.0 u I 9.8 I 2.7 U I 5.0 u I 5.0 u I 11.8 I I 
IRON I 55.1 J 

LEAD 1.0 u 1.0 u I 9.3 u I 2.0 u 

12.1 u I 12600 I 96.8 J ! 12100 ! 1460 ! 49300 
I 

2.6 J 2.0 UJ 3.4 J 

MAGNESIUM 4550 4690 25400 20700 65w 8470 5340 

MANGANESE 203 216 1620 1570 266 159 705 

MERCURY 0.2 u 0.2 u 0.2 u 0.2 u 0.2 u I 0.2 u 0.2 UJ 

1 NICKEL I 10.0 u I 10.0 u I 7.0 u I 9.0 J I 14.6 . I 14.0 59.2 u 

‘; 
0 

POTASSIUM 2690 3050 13ooo 10800 3770 J 3660 3540 

ii SELENIUM 1.0 u 1.0 UJ 5.0 UJ 5.0 UJ 1.0 u 1.0 u 3.0 u r 

SILVER 2.0 UJ 2.0 UJ 2.0 u 2.0 u 2.0 u 2.0 u 2.0 u 



TABLE 6-9 
g SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
+ AREA A LANDFILL; NSBNLON, GROTON, CONNECTICUT 

z SAMPLE NUMBER: 2LGW19S 2LGW19S 2LGW19S2 

INVESTIGATION: PH2-1 PH2-1 PH2-2 

SAMPLE DATE: 01R3l94 01123i94 07/10/94 
LOCATION: PLMwl9S 2LMW19S 2LMw19S 
SCREEN DEPTH: Shallow Shallow Shallow 

FILTERING: Unfiltered Filtered Unfiltered 

2LGW19S2 2LGWXD 

PH2-2 PH2-1 

07/l ol94 04/06/94 

2LMW19S 2LMW2OD 

sh2dow D=P 
Fit&d Unfiltered 

INORGANICS (UGR) 
SODIUM 

THALLIUM 

VANADIUM 

ZINC 

MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I 

17!500 18000 43200 44100 78200 78300 49900 
1.0 UJ 1.0 UJ 5.0 u 5.0 u 1.1 u 1.3 u 2.0 UJ 
5.0 u 5.0 u 30.3 1.0 u 4.0 u 4.0 u 3.8 U 
2.8 J 2.3 J 81.7 9.1 u 28.4 26.4 u 70.6 

I I 322 I I 136 I I 84 I 



TABLE 69 

8 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LGWMD2 2LGW2QS 2LGW2OS 

INVESTIGATION: PH2-2 PH2-1 PH2-1 
SAMPLE DATE: 07/08/94 Olt23i94 01123J94 
LOCATION: 2LMW2OD 2LMW2oS 2LMW2oS 
SCREEN DEPTH: Deep Shallow Shallow 
FILTERING: Filtered Unfiltered Filtered 

VOLATILES (UG/L) 

2LGW2u.s2 I2LGW%-D-2 I 2LGW2oS-2 i 2LGW2OSD-2 I 
PH2-2 PH2-2 

07l0&94 07laBl94 
~ 2LMW2oS 2LMW2OS 

Shallow Shallow 
Filtered Filtered 

1,1,2,2-TETRACHLOROETHANE 10 u 10 u 10 u 

1 ,ZDICHLOROETHENE (TOTAL) 10 u 10 u 10 u 

THYL-ZPENTANONE 10 u 10 u 10 u 

ACETONE I I 10 u I I 10 u 10 u I I 
BENZENE 10 u 10 u I 10 u 

CARBON DISULFIDE 

TOLUENE 10 u 10 u 10 u 

TRICHLOROETHENE 10 u 10 u 10 u 
XYLENES, TOTAL 10 u 10 u 10 u I 

SEMIVOLATILES NO/L) 

1,2+TRICHLORObENZkNE 10 u I I 10 u I 10 u I I 
1,2-DICHLOROBENZENE 10 u 10 u 10 u 

BIS(S-ETHYLHEXYL)PHTHALATE I I 10 u I I 10 u I 10 u I I 
BUTYL BENZYL PHTHALATE 10 u 10 u 10 u , 



I 

TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

2LGW2OD-2 

PH2-2 

07ml94 

2LMW2OD 

D-P 
Filtered 

2LGWZI.S 

PH2-1 

01123l94 

2Lhhv2os 

Shallow 

Unfiltered 

2LGW2OS 

PH2-1 

01/2394 

2Lh4w2oS 
Shallow 

Filtered 

2LGW2OSD-2 

PH2-2 

07Kw94 

2LMw2oS 

Shallow 

Filtered 



TABLE 6-9 
,m, SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
4 AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

INORGANICS (UGR) 

2LGW2OD-2 

PH2-2 

07m8t94 
2LMW2OD 

Deep 
Filtered 

2LGW2OS 

PH2-1 

01/23/94 

2LMw2oS 

Shallow 

Unfiltered 

2LGW2O.S 2LGW2oS-2 

PH2-1 PH2-2 

01 mm4 07lom4 

2LMw2oS 2LMw2oS 
Shallow Shallow 

Filtered Unfiltered 

2LGWX&D-2 2LGW2oS-2 

PH2-2 PH2-2 

07loal94 07/08/94 

2LMw2OS 2LMvmx 
Shalkw Shallow 

Unfiltered Filtered 

4 

2LGW20SD-21 
PH2-2 

07m8l94 
2LMw2oS 

Shallow 

Filtered 

SODIUM 52100 45zoo 44900 44100 

THALLIUM 5.0 u 1.0 UJ 1.0 UJ 2.0 J 3.7 J 5.8 J 5.0 u 

VANADIUM 3.0 u 5.0 u 5.1 J 48.8 45.8 3.0 u 3.1 J 

ZINC 16.1 U 3.3 J 4.9 J 26.3 U 23.6 U 10.1 u 8.9 U 
MISCELLANEOUS PARAMETERS (MGIL) 

HARDNESS as CaC03 I I I I 198 I 192 I I 1 



TABLE 68 
SUMMARY OF POSITIVE GROUNDWATER AN 
AREA A LANDFILL; NSB-NLON, GROTON, CO 

,LYTICAL RESULTS 
INECTICUT 

2LGW7D 2LGW7D-2 2LGW7D-2 010391-2LMW7S 
PH2-1 PH2-2 PH2-2 PHl 

03l2ol94 06l27l94 06l27/94 01 lO2l91 

2LMW7D 2LMWD SLMWID 2LMw7S 

Deep D=P D-P Shallow 

Filtered Unfiltered Filtered Unfiltered 



TABLE 6-9 
Q SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
$ AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

s SAMPLE NUMBER: 
G INVESTIGATION: 

SAMPLE DATE: 

LOCATION: 

SCREEN DEPTH: 

FILTERING: 

omi391-2LMW7D 010891-2LMW21D 2LGW7D 2LGW7D 2LGW7D-2 
PHI PHl PH2-1 PH2-1 PH2-2 
01 lOBI 01/08/91 03/20&l 03mtQ4 06/27194 
2LMW7D 2LMw7D 2LMW7D 2LMW7D 2LMw7D 

WP DeeP D-P D-P D=P 
Unfiltered Unfiltered Unfiltered Filtered Unfiltered 

SEMIVOLATILES (UG/L) 

CARBAZOLE I I I 10 u I I 10 u I I 
DI-N-BUTYL PHTHALATE 10 u 10 u 10 u 10 u 10 u 
DI-N-0 CTYL PHTHALATE ! 10 u ! 10 u I 10 u 10 u 10 u 
DIBENZOFURAN I 10 u ! 10 u I 

! ! ! 1 I 
10 u ! ! 10 u I I 10 u 

DIETH 
I 

YL PHTHALATE I 10 u I 10 u I 10 u I I 10 u I I 10 u 
FLUORENE 10 u 10 u 10 u 10 u 10 u 

1 N-NITROSODIPHENYLAMINE 1 10 u I IO u ! 10 u I ! 10 u ! ! 10 u I 
i NAPHTHALENE I 10 u I IO u I 10 II I I in II I I in II I t .- - .- - .” Y I” ” 

PHENANTHRENE 10 u I 10 u 10 u 10 u 10 u 

PHENOL 10 u 10 u 10 u 10 u 
5” PESTlClDESlPCBs (UGR) 

10 u 

s 
0 



TABLE 6-9 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

~ 

2LGW7D 

PH2-1 

O3QOlQ4 

2LMw7D 

Unfiltered 

2LGW7D 2LGW7D-2 

PH2-1 PH2-2 

03l2OlQ4 06l27lQ4 

2LMWi’D 2LMW7D 

Deep D-P 
Fittered Unfiltered 

2LGW7D-2 

PH2-2 

06l2m4 

2LMW7D 

D-P 
Filtered 

010391-2LMW7S 

PHl 

01 lO2lQl 

2LMw7S 

ShalkJw 

Unfiltered 

INORGANICS (UG/L) 
NICKEL 21.1 J 22.0 J 17.8 U 10.0 u 13.7 3.9 16.8 J 
POTASSIUM 3290 3420 5680 5580 6360 6420 16400 

IUM 1.0 u 1.0 u 3.0 u 3.0 UJ 3.0 UJ 3.0 UJ 2.9 SELEN 

SILVER I 7.0 u I 7.0 u I 2.5 J I 2.0 UJ I 2.0 u I 2.0 u I 7.0 u SODIUM 89200 123000 122000 141000 135000 365ooo I 
THAI I IllM I 2.0 u I ~~~~~ 2.0 u I 10.0 UR I 10.0 UR I 20.0 UJ I 2.0 UJ I 2.0 UR 

1 VANADIUM I 20.0 u 20.0 u 5.0 u 5.0 u 3.0 u 3.0 u 20.0 u 

ZINC I 11.0 J I 8.3 J I 14.7 I 3.8 J I 20.2 J I 16.0 I 10.5 J I 
RADIONUCLIDES (PCVL) 
GROSS ALPHA 1 1.3 +I- 2.60 I I I I I 1 ll+/-22.50 

? GROSS BETA 1 8.6 +/- 3.30 1 20.9 +I- 14.70 

2 
MISCELLANEOUS PARAMETERS (MGR) 

HARDNESS as CaC03 I I I 100 I I 100 I I I 
1 



TABLE 6-9 

x 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LGW7S 2LGW7S 2LGW7.S2 2LGW7S2 1217SXZLMW8D 2LGW8D 
INVESTIGATION: PH2-1 PH2-1 PH2-2 PH2-2 PHI PH2-1 
SAMPLE DATE: 01 I2994 01125lQ4 w27lQ4 W27l94 12l17lQQ 03l2OlQ4 
LOCATION: 2LMw7S 2LMwlS 2LMw7S 2LMw7S 2LMW8D 2LMWBD 
SCREEN DEPTH: Shallow Shallow Shallow Shallow Deep Deep 
FILTERING: 

VOLATILES (UGR) 

Unfiltered Filtered Unfiltered Filtered Unfiltered Unfiltered 

2LGW8D 

PH2-1 

03l2Ol94 
2LMW6D 

Deep 
Filtered 

P-METHYLNAPHTHALENE 10 u 10 u 10 u 10 u 

4-CHLORO-3-METHYLPHENOL 10 u 10 u 10 u 10 u 

4METHYLPHENOL 10 u 10 u 10 u 10 u 

ACENAPHTHENE 1 J 10 u 10 u 10 u 

ANTHRACENE 10 u 10 u 10 u 10 u 

? BENZOIC ACID 10 UJ SOU SOU 50 UJ 
0 

ii BlS(2-ETHYLHEXYL)PHTHALATE 

62 J 10 u 

BUTYL BENZYL PHTHAIATE 10 1 u 10 u 10 IOU u 10 u 

I ‘I, 



‘? 
“\ 
1 

“! 
) 

TABLE 6-6 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

g: /iTiT 
SEMWOLATILES (UG/L) 

2LGW7S 

PH2-1 

01125/94 

2LMW7S 
Shallow 

Filtered 

2LGW7S2 2LGW7S-2 

PH2-2 PH2-2 

06/27/94 O6l271Q4 

2LMw7S 2LMW7S 
Shallow Shallow 

Unfiltered Filtered 

121790-2LMW8D 

PHI 

12/l 7190 
2LMW8D 

D-P 
Unfiltered 

2LGW8D 

PH2-1 

o3i2olQ4 
2LMWBD 

D-P 
Unfiltered 

. 
2LGWBD 

PH2-1 

03t20~94 
SLMWBD 

D-P 
Filtered 

.._~_ 
.-..,,. 

2 PESTlClDESlPCBs (UGIL) . . . . 

8 AROCLOR-1018 0.56 u .A- 

AROCLOR-1254 1.1 u ,.“. _ 

AROCLOR-1260 1.1 u I 



TABLE 68 
p SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
? AREA A LANDFILL: NSB-NLON. GROTON. CONNECTICUT 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

2IGW7s 

PH2-1 

01/25/94 
2LMw7S 

Shallow 
Unfiltered 

2LGW7S 2LGW7S-2 

PH2-1 PH2-2 

01 &ii94 06/27/Q4 
2LMW7S 2LMW7S 
Shallow Shallow 

2LGW7.S2 

PH2-2 

CW27194 

2LWS 
Shallow 

1217932LMWBD 

PHI 

12l17190 
2LMW8D 

D=P 

2LGWBD 

PH2-1 

03l2OB4 

2LMWBD 

Deep 

2LGW8D 

PH2-1 

03l2om4 
ZLMWBD 

Deep 
Filtered Unfiltered Filtered Unfiltered Unfiltered Filtered 

, I I 

INORGANICS (UG/L) 

RADIONUCLIDES (PCliL) 

GAMMA SPEC (K40) 250 +I- 1 moo 130 +I- 70.00 
.I QI 
.L GROSS ALPHA 3 +t- 13.00 u 6 +I- 34.00 0 +I- 2.20 I 

x GROSS BETA 43 +I- 19.00 85 +I- 48.00 2.9 +I- 2.90 
MISCELLANEOUS PARAMETERS (MGIL) 

HARDNESS as CaC03 I 1160 I I 2900 I I I 124 I \ 
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TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LGW8D-2 2IGW8D-2 1214~2LMW8S 

INVESTIGATION: PH2-2 PH2-2 PHI 

SAMPLE DATE: 06/27/94 OBl27i94 12l14i9a 
LOCATION: ZLMWBD 2LMW8D 2LMW8S 
SCREEN DEPTH: Deep D=P Shallow 
FILTERING: Unfiltered Filtered Untiltered 

2LGW8S 2LGW8.s 

PH2-1 PH2-1 

01128lQ4 0112Bl94 

2LMW8S 2LMW8S 

Shallow Shallw 

Unfiltered Filtered 

2LGWas-2 

PH2-2 

oBml94 
2LMW8S 

Shallow 

Unfiltered 

2LGW8S2 

PH2-2 

06LwQ4 
2LMW8S 

Shallow 

Filtered 

VOLATILES WGlLj 

c 1 5u 10 u 10 u I I 
. _ 

1 ,1,2,2-TETRACHLOROETHANE 10 u 

1 1 ,ZDICHLOROETHENE (TOTAL) 10 u 

CMETHYL-ZPENTANONE 10 u 
APCT*UE 10 u 

c 

METHYLENE CHLORIDE 10 u 5u 10 u ! 34 u -jy---- 
TETRACHLOROETHENE 10 u 5U 10 u 
TOLUENE 10 u 5u 10 u .- - 
TRICHLOROETHENE 10 u 5u 10 u 10 u 
YVI CLICC -rn-r#., IO II 2J 10 u 10 u I 
n 1 LLI.LY( I ” lClL 1 .- - I I I I I 
SEMlVOLATlLES (UGIL) 

I 10 u I I 1,2/l-TRICHLOROBENZENE I 10 u I I 10 u I 10 u 
1,2-DICHLOROBENZENE 10 u 10 u 10 u 

_. 

. .,.C 

.ec,- 

.-- 



TABLE 6-9 

x 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON. GROTON. CONNECTICUT 

8 SAMPLE NUMBER: 2LGWBD-2 2CGW8D-2 1214Qo-2LMWBS 
s 

2LGW8s 2LGW8S 2LGW&-2 2LGwts2 
INVESTIGATION: PH2-2 PH2-2 PHl PH2-1 PH2-1 
SAtiPLE DATE: 

PH2-2 PH2-2 
O8/27/94 06/27/94 12l14lQo 01126lQ4 Oll26lQ4 06i26lQ4 o6L?6KM 

LOCATION: 2LMW8D 2LMW8D 2LMW8S 2LMW8S 2LMW8S 2LMW8S 2LMWBS 
SCREEN DEPTH: D~@P Deep Shallow Shallow Shallow Shallow Shallow 
FILTERING: Unfiltered Filtered Unfiltered Unfiltered Filtered Unfiltered Filtered 

SEMlVOLATlLEs IUGAI 
. r 

CARBAZOLE I 10 u 1 I I 10 UJ I I 10 u I I 
DI-N-BU-l-YL PHTHALATC 10 u 

I I 
10 u 

1 I 
10 u 

I I 
10 u 

Dl-N-OClYL PHTHALATE I 10 u 10 u 10 u 10 u I 
DIBENZOFURAN I 10 u I I 

I I 

10 u I 10 u I I 10 u I I 
DIETHYL PHTHAU 

FLUORENE I 10 u I I 10 u I 10 u I I 10 u 1 
N-NITROSODIPHENYLAMINE 10 u 1ou .I 10 II 10 u I 

. . . . . .....,.--*.b 

PUFNI \NTHRENE I 10 u I I 10 u I 10 u I I 10 u I I r ..b..C 

PHENOL I 10 u 

!! 
I I 10 u IO u 

PESTlClDESlPCBs (UG/L) 
I I I 10 u 1 I 

z 
AROCLOR-1016 I I I 0.51 u I I I I 
AROCLOR-1254 I II I 

1 AROCLOR-1260 
INORGANICS (UG/l 

I I I I ” 1 I I I 
1 u 

, -I 
1 61.3 J I 16.7 I 30.0 u I 47.5 u I 14.0 u I loo u I 12.8 I 

I I 7n II I ?#-I II I 

I 157 u I 19900 I 21300 
I I r-43 .I -?n 11 

I 46.4 I 13900 I 12600 1. 

COPPE,. “.” Y 7.” ,.I .I L.” ” I L.” ” I L.” v , L.” ” I 

IRON 53800 22.7 8360 3210 I I 
LEAD 2.0 UJ 2.0 u 3.0 1.0 UJ I 1.0 UJ I 2.0 UJ I 2.0 u 

9 MAGNESIUM 3020 2730 2440 106 11 2650 I .-- - I 4350 4630 1 
0 MANGANESE . 309 39.9 544 126 I 

I 

Cl1 I 
g I 

420 I 470 I 
MERCURY 0.2 u 0.2 u 0.2 u 0.2 u I 0.29 -. . I 0.2 u I 0.2 u 



,, 
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TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LGW8D-2 2LGW8D-2 121490-2LMW8S 

INVESTIGATION: PH2-2 PH2-2 PHI 

SAMPLE DATE: 06l27194 O6/27/94 12/14/90 

LOCATION: 2LMWBD 2LMW8D 2LMWBS 
SCREEN DEPTH: D=P D=P Shallow 

FILTERING: Unfiltered Filtered Unfiltered 

2LGW8S 

PH2-1 

01/26/94 

2LMW8S 
ShaElw 

Unfiltered 

ZLGWBS 

PH2-1 

01/26/94 
2LMW8S 

Shallow 
Filtered 

‘ 

2LGW8S-2 I2LGW8s-2 

I 
INORGANICS (UGIL) 

NICKEL I 

PH2-2 

08l26iQ4 
2LMWBS 

Shallow 
Unfiltered 

PH2-2 

2LMW8S 

Shallow 
Filtarad 

ZINC I 8.4 I 6.5 I 13.2 J I 3.4 u I 2.0 u I 6.7 U I 8.1 I 
RADIONUCLIDES (PCVL) 

GROSS ALPHA I I 1 1.2+/- 1.30 I I I I 
1 3.7 +I- 2.80 

g MISCELLANEOUS PARAMETERS (MG/L) 

d HARDNESS as CaC03 I 132 I I I 420 I I 64 I I I 
r I/. 



TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

? SAMPLE NUMBER: OllC91-2LMW9D 2LGW9D 
6 

2LGW9D 2LGW9D-2 2LGW9D-2 010291-2LMw9s 2LGWSS 
INVESTIGATION: PHI PH2-1 PH2-1 PH2-2 PH2-2 PHl PH2-1 
SAMPLE DATE: 01110/91 03l21194 03121 IQ4 07/om4 07lOBlQ4 01/02/91 Oll25lQ4 
LOCATION: 2LMWQD 2LMWQD 2LMWQD 2LMWQD 2LMWQD 2LMWQS 2LMWQS 
SCREEN DEPTH: Deep D=P D-P D-P D=P Shallow Shallow 
FILTERING: Untiltered Unfiltered Filtered Unfiltered Filtered unfmred Unfiltered 

VULA I ILCS 

P 1GHLUKUt T HtNt I 3U I 10 u I I 10 u 5u 10 u I is TOLUENE 5u 10 u I I 10 u I 5u I 10 u 

TRICHLOROETHENE 5u 10 u 10 u 5u 1 10 .- u - I 

XYLENES, TOTAL 5u 10 u I 10 u I 5u 
SEMNOLATILES (UG/L) 

I I I 1OU’ ’ 

1,2/l-TRICHLOROBENZENE 10 u 10 u I I 10 u I I 10 u I I 10 u I 

1 ,ZDICHLOROBENZENE 10 u 10 u I 10 u 
10 u 10 u 

1,3DIC. -- - --..--. ! ! ! ! I 
:HLOROBENZENE I 10 u I 10 u I I 10 u I I 10 u I 10 u 

10 u 10 u 10 u 10 u 10 u 
I I l/l-DICHLOROBENZENE 

2,4-DICHLOROPHENOL I 10 u I 10 u I I 10 u I I 10 u I 10 u 

2,bDIMETHYLPHENOL 10 u 10 u 10 u 10 u 10 u 

P/l-DINITROTOLUENE 10 u 10 u 10 u 10 u 10 u 

2-CHLOROPHENOL 10 u 10 u 10 u 10 u 10 u 

2-METHYLNAPHTHALENE 10 u 10 u 10 u 10 u 10 u 

4CHLORO-3-METHYLPHENOL 1ou 10 u 10 u 10 u 10 u 

QMETHYLPHENOL I 10 u ! 10 u I ! 10 u ! I 7J 

ACENAPHTHENE 
1 10 u I 

10 u 10 u 10 u 10 u 1 J 

ANTHRACENE 10 u 10 u IO u 10 u 10 u 

9 0 BENZOIC ACID 5OU 5OU 0.5 J 4J 10 UJ 

is BlS(2-ETHYLHEXYL)PHTHALATE 10 u 10 u 10 u 10 u 1 

BUTYL BENZYL PHTHALATE I 10 u I 10 u I I 10 u I Ii 10 u I 10 u I 
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TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 011091~2LMW9D 2LGW9D 2LGW9D 

INVESTIGATION: PHl PHZ1 PH2-1 

SAMPLE DATE: 01110/91 03i21 I94 0321194 

LOCATION: 2LW9D 2LMw9D 2LMW9D 
SCREEN DEPTH: Deep Deep Deep 
FILTERING: Unfiltered Unfiltered Filtered 

2LGW9D-2 

PH2-2 

07lW94 

2LMW9D 

D-P 
Unfiltered 

2LGW9D-2 

PH2-2 

07106/94 

2LMW9D 

Deep 
Filtered 

010291-2LMW9s 

PHl 

01/02i91 

2LW9S 

Shallow 

Unfiltered 

2LGW9s 

PH2-1 

Oll25/94 1 2LMW9S 

Shallow 

Unfiltered 
I I I I I I I L 

SEMIVOLATILES (W/L) 

CARBAZOLE I I 10 u I 10 u 10 UJ 
I 

9 PESTlClDES/PCBs llJG/Ll 

AROCL0F.m Iv. v -.- - 

AROCLOR-1254 1 u 1 u 

AROCLOR-1260 1 u 1 u , 

INORGANICS (UG/L) 
ALUMINUM I 30.0 u I 133 u I 57.0 u I 64.8 U I 46.3 u I 30.0 u 1 82.7 U 

ANTIMONY 25.0 u 15.0 u 15.0 UJ 12.0 u 12.0 u 25.0 u 15.0 u 

ARSENIC I 3.0 u I 2.4 J I 3.0 J I 5.0 u I 5.0 u I 3.0 u I 4.1 J 

RARII IM 62.9 105 105 41.8 47.2 112 251 -, . . ..-... 
BERYLLIUM 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 

BORON 1.3 R 177 186 J 175 170 1.1 R 124 U 

CADMIUM 2.0 u 2.3 J 2.0 u 2.0 u 2.0 u 2.0 u 2.0 u _ 

Yr7L”I”I.I 

CHROMIUM 5.0 u 3.0 UJ 3.0 u 4.7 u 3.0 u 5.0 u I 

COBALT 5.0 u 4.0 u 4.0 u 4.2 U 3.0 u 5.0 u 

COPPER 10.5 J 3.0 u 2.0 u 6.2 U 2.6 U 5.0 u I 

1 C-Al PIIIM I 24400 I 36200 I 36900 I 29500 I 304oo I 34700 

IRON ! 7580 15400 

1 LEAD ! 

! 

I 

! 11700 I 8030 I 2110 I 13100 I 19000 

2.0 UJ 2.0 u 1 2.0 UJ I 4.6 J 2.6 J 2.0 UJ 1.0 u 

9 MAGNESIUM 29300 36900 38100 37100 4040 6590 

0 MANGANESE 1030 1350 1340 238 351 412 646 

5 MERCURY 0.2 u 0.2 u 0.2 u 0.2 u 0.2 u 0.2 UJ 0.2 u 



TABLE 6-9 

r) SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

P 

INORGANICS (W/L) 

AREA A LANDFILL; NSB-NLOI 
SAMPLE NUMBER: 
INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 
FILTERING: 

GROTON, CONNECTICUT 
011091-2LMW9D 

PHI 

OlH0l91 
2LMW9D 

Deep 
Unfiltered 1 

2LGW9D 2LGW9D 

PH2-1 PH2-1 

03/21/94 03121 I94 
2LMW9D 2LMW9D 

D*P Deep 
Unfiltered Filtered 

2Lw9D-2 

PH2-2 

07to6t94 
2LMW9D 
Deep 

Unfiltered 

2LGW9D-2 

PH2-2 
07mi94 
2LMW9D 

D=P 
Filtered 

GAMMA SPEC (K40) ND ND 

? GROSS ALPHA 14.7 +I- 7.30 7 +I- 5.00 J 6 +I- 5.00 0.5 +I- 2.90 

2 GROSS BETA 18.8 +I- 7.30 22 +I- 9.00 J 18 +I- 9.00 
o 

6 +I- 3.60 
MISCELLANEOUS PARAMETERS (MG/L) 

HARDNESS as CaC03 I I 260 I I 222 I I I 168 I 

i ii 



TABLE 6-g 

g 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

z I 
v SAMPLE NUMBER: 2LGW9S 2LGWlS-X 2LPWlS 2LPWlS 2LPWl.s1 2LPwlS-I 2LPwlS-2 
G INVESTIGATION: PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 

SAMPLE DATE: OlQ!s4 02/04/94 o4Kw94 04/04&4 04428l94 04/28/94 04mB4 
LOCATION: 2LMw9S ZLPWI s 2LPWl s 2LPWl s 2LPWl s 2LPWl s 2LPWl s 
SCREEN DEPTH: Shallow Shallow Shallow Shallow Shallow Shallow Shallow 
FILTERING: Filtered Unfiltered Unfiltered Filtered Unfiltered Filtered Unfiltered 

VOIATILES (UGA) 

9 
2 
A 

? BENZOIC ACID 5OU 13 J 
0 

BlS(2-ETHYLHEXYL)PHTHALATE 10 u 10 u 

64. BUTYL BENZYL PHTHALATE 10 u 10 u 



TABLE 6-9 

5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2LGW9S 2LGWlS-X 2LPWlS 
INVESTIGATION: PH2-1 PH2-1 PH2-1 
SAMPLE DATE: 01125l94 02lO4&44 04/04/94 
LOCATION: 2LMw9S 2LPWl s 2LPWlS 
SCREEN DEPTH: Shallow Shallow Shallow 
FILTERING: Filtered Unfiltered Unfiltered 

SEMIVOLATILES (UG/L) 

2LPWlS 2LPwlS-1 2LPWlS-1 2LPWlS-2 

PH2-1 PH2-1 PHZ-1 PH2-1 

04/04/94 04l2Bl94 04/28/94 o4Lw94 

2LPWl s PLPWI s 2LPWl s 2LPWlS 

Shallow Shallow Shallow Shallow 

Filtered Unfiltered Filtered Unfiltered 

NAPHTHALENE 
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TABLE 6-9 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
ARFA A I ANDFILL! NSB-NLON. GROTON. CONNECTICUT . . . . -.... -...-. .--, ..-- ..--.. , ---- - --- , -- . . . . - ------ 

SAMPLE NUMBER: 2LGW9S 2LGWlSX 2LfwlS 2LPWlS PLPwlS-1 PLPWlS-1 2LfwlS2 

INVESTIGATION: PH2-1 PH2-1 PHZ1 PH2-1 PH2-1 PH2-1 PH2-1 
SAMPLE DATE: 01 R5i94 02/04/94 04/04/94 04/m 04J28t94 04/28/94 04ml94 

LOCATION: 2LMw9S 2LPWl s 2LPWl s 2LPWl s 2LPWl s 2LPWl s ZLPWI s 

SCREEN DEPTH: Shallow shallow Shallow Shallow Shallow Shallow Shallow 

FILTERING: Filtered Unfiltered unfinered Filtered Unfiltered Filtered Unfiltered 

, 

TOTAL PETROLEUM HYDROCARBONS (UG/L) 

OIL 8 GREASE I I I I I 600 I I I 
P 
w’ 

3 
0 

Ei 



TABLE 6-9 

x 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

$ 

AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LpWl.S3 2LPWlS-4 2LPWlS.5 2LPwlS-8 2Lf=WlS-7 
s 

2LfWlS-7 2LfwlS4f 
INVESTIGATION: PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 PHZ1 PH2-1 
SAMPLE DATE: 04/28/94 04/28/94 04/28/94 04ml94 04ml94 04/29/94 05/01/94 
LOCATION: PLPWI s 2LPWl s 2LPwl s 2LPWl s 2LPWl s 2LPWlS 2LPWl s 
SCREEN DEPTH: Shallow Shallow Shallow Shaflow Shallow Shallow Shallow 
FILTERING: Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered Filtered Unfiltered 

VOLATILES (UG/L) 
I I 1 I 

01 
1. I 10 u I 10 u I 10 u I 10 u I 10 u I I 10 u-1 

s 

1,2+TRICHLOROBENZENt 

1,2-DICHLOROBENZENE 

1 $DICHLOROBENZ ENE 
1 +DICI HLOROBENZENE 
2,+DICHLOROPHENOL 

2,4-DIM-- 

10 u 10 u 1 

10 u 10 u 

10 u 10 u 

10 u 10 u 

I ! ! ! I 10 u I ! 10 u 
I 

10 u 10 u 

IYLNAPHTHALENE I 0.8 J 1 J 

R03METHYLPHENOL 10 u 10 u 

0.5 J 1ou - 

ANTHRACENE 10 u 10 u 

BENZOIC ACID 5OU !iOU 2 
0 

% 

BlS(2-ETHYLHEXYL)PHTHAlATE I I I I I 10 u I I 10 u 

BUTYL BENZYL PHTHALATE 10 u 10 u 



TABLE 6-g 

- SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

1 PH2-1 PH2-1 
04/29/94 I Oslo1 194 1 
2LPWl s 2LPWlS 
Shallow Shallow 
Filtered Unfiltered 1 

SEMNOLATILES (UGIL) 

CARBAZOLE I I I I I 10 u I I 0.5 J 
DI-N-BUTYL PHTHALATE 10 u 10 u 

AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2LPWl.S.3 2LFWlS-4 

INVESTIGATION: PH2-1 PHZ-1 

SAMPLE DATE: 04t28l94 04/28/94 

LOCATION: 2LPWl s 2LPWl s 

SCREEN DEPTH: Shallow Shallow 

FILTERING: Unfiltered Unfiltered 

2LPWlS5 

PH2-1 

04J28l94 

2LPWl s 

Shallow 

Unfiltered 

2LPWlS-6 

PH2-1 

04/29/94 

2LPWl s 

Shallow 

Unfiltered 

2LPWlS-7 

PH2-1 

04ml94 

2LPWl s 

Shallow 

Unfiltered 

II 

12LPWlS-7 I2LPWlS-a 

DI-N-OCTYL PHTHALATE 10 u 

DIBENZOFURAN 10 u 

DIETHYL PHTHAIATE 10 u 

I 10 u 

10 u 

N-NITROSODIPHENYLAMINE I I I I I 10 u I I 10 u 

NAPHTHALENE 2J 35 
I- 

PHENOL I I I I I 10 u I I 10 u I 
5” PESTlClDESlF’CBs (UGIL) 
2 AROCLOR-1016 1 UJ 1 u 
VI 

AROCLOR-1254 1 UJ 1 u 

AROCLOR-1260 1 UJ 1u ” 

I PI, PI, IL” I I I I I 130000 I 121ooo I 114000 I “l-lL”IYI.I 

CHROMIUM 4.0 u 4.0 u 7.9 J 
COBALT 5.0 u 5.0 u 5.0 u 
COPPER 7.9 J 5.0 u 18.8 
IRON 14OGil 13800 11700 

LEAD 
LAAII*IccI, 11” I I I I I 33500 I 31000 I 28600 I 

I 
I”,l-b”I.LVI”I”I 
MANGANESE 523 I 478 I 409 

g MERCURY 0.2 u 0.2 u 0.2 u 



TABLE 6-9 
_ SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
5 AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

s u r 

SAMPLE DATE: 

.._-. .-_ _._.-- ,--.-, 

Y? 
G;- 



I 
1 

\, 
) 

5AREA A LANDFILL; NSB-NLON, GROTON, CONNECTICUT 

$ SAMPLE NUMBER: 2LPwlS-8 

t3 INVESTIGATION: PH2-1 
SAMPLE DATE: OS/o1 I94 

LOCATION: 

SCREEN DEPTH: 

FILTERING: 

TABLE 6-9 
-SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

I 

t I 
INORGANICS (W/L) 

SODIUM 6420000 

THALLIUM 10.0 u 

VANADIUM 4.0 u 

? 
0 

iii 



TABLE 6-10 ’ 
SUMMARY OF PHASE I GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

Analyte Frequency 
of 

Range 

Shallow Wells (1) Deep Wells (2) 
Concentration Location of Frequency Concentration Location of 

Range Maximum of Range Maximum 
Detection Detection Detection 

Aluminum 215 54.3-57.3 2LGW18S l/7 35.8 2LGW14D 
Arsenic l/5 4.4 2LGW18S O/7 ND 
Barium 515 18.5-723 2LGW18S 6ff 31-66.3 2LGW18D 
Cadmium 2/5 3.8-28.85 2LGW18S 3l7 3.2-44.8 2LGW13D 



TABLE 6-10 
SUMMARY OF PHASE I GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTlCiT 

8 PAGE 2 OF 2 
s 

1 Includes samples 2LMW7S, 2LMW8S, 2LMW9S, 2LMW17S, 2LMWl8S, and 2LMW19S (field duplicate of 2LMW18S). 
Duplicate results are averaged and counted as one sample. 

2 Includes samples 2LMW7D, 2LMW21D (field duplicate of 2LMW7D), 2LMW8D, 2LMW9D, 2LMW13D, 2LMW140,2LMW17D, and 2LMW18D. 
Duplicate results are averaged and counted as one sample. 

3 ND - Not Detected. 



TABLE 6-11 ’ I 

SUMMARY OF ROUND l/PHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 



TABLE 6-11 ’ 
SUMMARY OF ROUND l/PHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 

i$ NSB-NLON, GROTON, CONNECTICUT 

z 
PAGE 2 OF 2 

1 lndudes samples 2LGW7S. 2LGW9.S. 2LGW9.S. 2LGW13S, 2LGWl7S. 2LGW19S, 2LGW19S, 2LGW2OS, PLGWl-X, ZLPWlS, and ZLfVt S-t through 2LPWlS9. 
2 lndudes samples 2LGW7D, 2LGWBD, 2LGW9D, 2LGWl3D. 2LGWl40,2LGWl7D, 2LGW19D, 2LGW19D, and 2LGW20D. 
3 Note that hquendes of detection for shallow wells may be skewed, particularly for volatile organic compounds, since samples ZLFWlS-1 through 2LPWlS-8 were all 

coIleded ffom the same well (PLPWI) during a 4day pumping test 
4 ND - Not Detected. 
5 NA - Not Analyzed. 

I! 
0 

iii 
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TABLE 6-12 ’ 1 

SUMMARY OF ROUND 2/PHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A LANDFILL 

X NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

, 

I Shallow Wells (1) I Deep Wells (2) 
Ulltiltarad I I 

I 

_....._ -.-_ F!l@red Lhflkrul F!!tered 

Anafyte Frequency 1 Concrnfraflon 1 LocrUon of 1 Frequency 1 Concentrstlon I Locstlon of 1 Frequency 1 Concentration 1 Location of 1 Frequency ~Concentmtionl Location of 
I I of I Range I Maxlmum I of I Renge I Maxlmum I of I Ranae I hxlmum I of I Ranae I hxlmum I 

19900-143000 I 2LGWT’- ’ -‘* 

3.2-23.2 1 2LGW7, , .I_ -.. ---.. .I- -,I h.” ” , ---....I.+ , .I” , 1.” , ..LV..I”Y 
3 85-02 I 2LGWlSS I 216 58-144 1 2IGWlaS 1 7/8 I R 7.7AA I 71 GW7nn I I Nn -- -- ” ” ” . ” 

7s I 518 I 52-118 I2 

IrOn 
Lead 
Magnesium 
Manganese 
Mercury 
Nickal 

616 
3/6 
6/6 
6/6 ._” “.” .“” .“” 
l/6 , _._- ---....- .- 1 116 I 0.36 1 2 
2/6 f 9.3-30.6 1 2LGW16S 1 2l6 t 9.24.9 I PLGWlaS I 116 I 137 : 

9.4-64 

4350-563000 
175-1765 

0 32 

2LGWl6S 
2LGW7S 

2LGW20S 
2LGWlaS 

2m 4.38.” -LI....... , “.” , “.-,Y.” L..“..“W 18” L.” L&Y..“” 
616 463045lOOII 2LGW7S 1 6/6 1 3020-37100 1 2LGW9D 616 2730-36400 2LGW9D 
6/6 36.6-1920 2LGWZc-S I A/A I lRQ-71l!i I 7LGmOD 6l6 39.9845 2LGW16D 
O/6 ND I GW17ll OIR Nn --...._ _.- .-- 

!LGW7D I 2/a I 39.14 I 2LGWiQD 

2990-206000 LLGW7S 5l6 3290-172000 2LGW7S I 616 
21600-5230000 2LGW7S 616 209OM570000 2LGW . 

2.65 2LGW2OS l/6 4.15 2LGW20S 1 l/6 
24.7-47.3 2LGWZOS l/6 2.3 2LGW2P” ’ _‘” 
42.5216 ZLGWIBS 2/6 6.1-74 2LGWl8.. , .._ 

I 66515600 t 2LGW9D 1 I 1450-15400 t 
7s t 616 1 13700-355000 1 2LGW9D 1 616 ~12400-377000~ 2LGW9D 

I 4 1 2LGWl3D 1 O/6 I 1 ND 
I Nn 1 “,R 1 I Ni, IJ , wo , I ..- “.” , ..I 

IS I AIR I 7~~7t-t~ I 71 cwnn I AIR I 6 CL~R I 31 cw7n 
I 

- - -_  _ - - I  .,- L ---... I 

_ .““_._. -.-._- . . . ” 

I I 6/6 I M-2900 I 2LGW7S I I I NA I R/a I 76.304 I 7LGWlQlY I I I NA 1 

1 Indudes samples ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ and 2LGW20S-D-2 (field dupliite of 2LGW2OS-2). Duplicate sample results are averaged and counted as one sample, 
2 lndude6 ssmple6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2LGWl9l.b2. end 2LGW2OD2. 
3 ND-Nc4Deteded. 
4 NA - Not Analyzed. 



Revision 1 
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TABLE 613 

CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern 

Exposure Concentration(‘) 

1,2,4-Trichlorobenzene I 

Trichloroethene I 0.006/0.012 

Benzo(a)anthracene I NA I 1.8/23 I NA 

Benzo(b)fluoranthene 

Benzo(a)pyrene 

Benzo(k)fluoranthene 

Bis(2-ethylhexyl)phthalate I NA NA 0.008/0.023 

4-Methylphenol 

1,2,3,4,7,8-HxCDF 1 0.00022/0.00031 1 

1,2,3,6,7,8-HxCDF 

Antimony I NA I 13.91134 I 0.0086/0.0130 

Arsenic I 2.5 I 3.9 0.0043/0.0196 

Barium I 97.11667 I 
Beryllium I 1.2 I 0.9113.9 1 0.00076/0.0042 

Boron 

Cadmium I 1.9/4.7 I 3.4/12.1 I 0.0029/0.0162 

D-01-95-10 6-124 CT0 129 



Revision 1 
March 1997 

TABLE 6-13’ (Continued) 
CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Exposure Concentration11) 

Chemical of Concern Surface Soil I All Soil 1 Groundwater 

Chromium 

@w/kg) (w/W 
NA 32.51289 

(w/L) 
0.0119/0.142 

Lead I 367 I 915 I 0.0142 I 
Manganese I 212 I 265/l 150 1 0.996 I 
Mercury I NA I 0.27/3.6 1 NA I 

Nickel 

Vanadium 

NA 81.9/1440 0.0256 

NA 28.01138 0.0166/O. 182 

Thallium I NA I NA I 0.0025(3) I 
Zinc I 2140 I 9850 I NA 1 

1 1JCL if single concentration presented, otherwise average for CTE and maximum for 
RME. For groundwater, maximum is defined as the highest average concentration in a 
single well, and the average is defined as the overall average concentration of all well- 
specific averages. 

2 NA - Not applicable. Chemical is not a chemical of concern for this medium. 
3 Maximum. Average exceeds maximum. 

D-01-95-10 6-l 25 CT0 129 



TABLE 6-14 

ESTIMATED RISKS”’ 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

Exposure Route 

HAZARD INDEX 

Full-Time Employee 

RME”’ CTEO’ 

Older Child 
Trespasser 

RME CTE 

, 
Construction Worker 

RME CTE 

INCREMENTAL CANCER RISK 

Dermal Contact with Soil 

1 Chemical-specific risks presented in Appendix F.5. 
2 CTE - Central Tendency Exposure. 
3 RME - Reasonable Maximum Exposure. 
4 Quantitative evaluation performed for cadmium, PCBs, and dioxins (if detected). 
5 NA - Not applicable; exposure route not evaluated for this receptor. . 
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TABLE 615 
ECOLOGICAL CHEMICALS OF CONCERN 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Chlorobenzene 

Aluminum 

Nickel X NA NA NA NA NA NA NA 

Selenium NA NA NA NA X X NA NA 

Vanadium X X NA NA NA NA NA NA 

Zinc X X NA NA X X X X 

Notes 11) NA - Not applicable. Chemical is not chemical of concern for this receptor. 
2) X - Chemical of concern for this receptor. 
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TABLE 616 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Aluminum 1.6E+2 

Zinc 

Chromium 

4.3E+ 1 

1.7E+l 

Vanadium 

Copper 

l.2Etl 

7.9E+O 

1 Lead I 7.3E+O I 
Mercury 

Cadmium 

2.0E+O 

1.6E+O 

Nickel l.lE+O 
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TABLE 6-17 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MEAN CONCENTRATIONS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

1.4E+2 

1.4E+l 

l.lE+l 

l.lE+l 

1.6E+O 

1.2E+O 
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TABLE 6-18 

HAZARD QUOTIENTS FOR SOIL INVERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Copper 2.7E+ 1 

Lead 6.2E+O 
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TABLE 6-19 
HAZARD QUOTIENTS FOR SOIL INVERTEBRATES 

BASED ON MEAN CONCENTRATIONS 
SITE 2 - AREA A LANDFILL 

NSB-NLON, GROTON, CONNECTICUT 

i 

Chemical of Concern Hazard Quotient 

Copper 4.2E +0 

Lead 1.4E+O 
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TABLE 6-20 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

led-Tailed Hawk 

4,4’-DDT 

4,4’-DDD 

Xylenes, total 

All others 

Total Receptor HI 

Pathway 

Soil 

Food 

Water 

5.OE +2 

5.OE + 1 

2.2E+ 1 

3.2E+l 

5.5E+3 

Total HI per Pathway 

1.8E+3 

3.7E+3 

O.OE+O 

9.0 

0.9 

0.4 

0.6 

% Contribution of 
Pathway to Total 

Receptor HI 

33.4 

66.6 

0.0 
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TABLE 6-21 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MEAN CONCENTRATIONS 

SITE 2 - AREA A LANDFILL 
NSB-NLON, GROTON, CONNECTICUT 

Ieceptor 

ihort-Tailed Shrew 

led-Tailed Hawk 

Chemicals of Concern Total HI per COC for % Contribution of COC to 
all Pathways Total Receptor HI 

OCDD 6.1E+6 100.0 
Xylenes, total 7.8E + 1 0.0 
Barium 6.3E + 1 0.0 
Lead l.OE+l 0.0 
All others 2.3E + 1 0.0 
Total Receptor HI 6.1E+6 

Pathway Total HI per Pathway % Contribution of Pathway to 
Total Receptor HI 

Soil l.lE+6 17.7 
Food 5.OE+6 82.3 
Water O.OE+O 0.0 

Chemicals of Concern Total HI per COC for % Contribution of COC to 
all Pathways Total Receptor HI 

OCDD 4.OE+3 98.4 
4,4’-DDT 4.1E+l 1.0 
4,4’-DDD 1.2E+l 0.3 
4,4’-DDE 6.4E+O 0.2 
All others 5.7E+O 0.1 
Total Receptor HI 4.1E+3 

Pathway Total HI per Pathway % Contribution of Pathway to 
Total Receptor HI 

Soil 15E+3 35.9 
Food 2.6E+3 64.1 
Water O.OE+O 0.0 

-- r 
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7.0 AREA A WETLAND - SITE 2 

This section provides a site-specific summary of various aspects of the Area A Wetland investigation. 

Section 7.1 provides a brief site description. The sampling and analysis program is summarized in 

Section 7.2. Section 7.3 discusses site physical features. The nature and extent of contamination is 

discussed in Section 7.4. Contaminant fate and transport is summarized in Section 7.5. Section 7.6 

provides the baseline human health risk assessment, Section 7.7 provides the ecological risk assessment 

and Section 7.8 includes a comparison to state standards. Section 7.9 provides a summary and 

conclusions. 

7.1 SITE DESCRIPTION 

The Area A Wetland is adjacent to the northeast edge of the Area A Landfill and is approximately 23.6 acres 

in size. The Area A Wetland is depicted on Figure 7-l. The location of the Area A Wetland within 

,-. 

NSB-NLON is shown on Drawing Number 1 (Volume Ill). Current photographs of the site are provided in 

Appendix 8.3. This portion of NSB-NLON was undeveloped, wooded land, and possibly wetland, until the 

late 1950s. In the late 1950s dredge spoils from the Thames River were pumped to this area and contained 

within an earthen dike that extends from the Area A Landfill to the south side of the Area A Weapons Center. 

Based on the boring logs, the total volume of dredged material in the wetlands is approximately 1.2 million 

cubic yards. 

There is a small pond located at the southern portion of the wetland and between one and three feet of 

standing water is present during all seasons. Phragmifes is the predominant type of vegetation. Atlantic 

reported that pesticide “bricks” were placed on the wetland ice during winter and allowed to dissolve as a 

mosquito control measure. These “bricks” consisted of formulated (water-soluble) DDT and were used in 

the 1960s prior to the 1972 ban on DDT. 

7.2 SITE INVESTIGATIONS 

.Section 2.0 included a detailed discussion of the sampling procedures and analytical methods employed 

during the NSB-NLON Phase I RI. Sample locations (Phase I RI, Phase II RI, and FFS) are depicted on 

Figures 7-2 and 7-3. The remainder of this section summarizes the scope of the Phase I RI, Phase II RI, and 

.Z- FFS investigations. 
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A total of 16 samples plus 4 field duplicates from depths of less than 2 feet (considered to be surface 

soil/sediment samples) and a total of 25 samples plus one field duplicate from depths greater than 2 feet 

(considered to be subsurface soil samples) were collected from the Area A Wetland during the Phase I RI. 

Note that samples collected from depth intervals which began in the 0- to 2-foot range (e.g., 1 to 3 feet) are 

considered surface soils. These total numbers of sediment/soil samples included the following types of 

samples. Eight composite sediment samples (2WSDl through 2WSD8) plus one field duplicate were 

collected from various onsite areas, and a ninth grab sediment sample (2WSD9) was collected from the 

drainage culvert coming from the weapons center. The areas where composite samples 2WSDl through 

2WSD4 and 2WSD6 through 2WSD8 were collected were also each evaluated via the installation of a test 

boring to investigate deeper soils; five surface and 19 subsurface soil samples (plus two surface and one 

subsurface field duplicates) were collected from the seven test borings in these areas. Additional soil 

samples (two surface soils plus one field duplicate and six subsurface soils) were collected from four 

monitoring well borings located throughout the Area A Wetland. The goal of the sampling and analysis 

program was to assess the nature and extent of potential soil and sediment contamination. All soil/sediment 

samples collected within the limits of the wetland were at or below the groundwater table. Previous analysis 

of Area A Wetland sediments indicated the presence of volatile organic compounds, semivolatile organic 

compounds, pesticides, and metals. 

In addition, seven groundwater samples were collected from three shallow wells and four deep wells in the 

Area A Wetland during the Phase I RI. Two surface water samples (plus one field duplicate) were also 

collected; one was located near Route 12 and the other was located near the dike outlet. Sample locations 

are shown on Figures 7-2 and 7-3. Table 7-l presents a sample-specific summary of the sampling and 

analysis program for the Phase I RI. Several avian and amphibian ecological samples were also collected 

during the Phase I RI. Table 7-2 presents a sample-specific summary of ecological sampling performed 

during the Phase I RI. 

7.2.2 Phase II RI 

Four new monitoring wells were installed during the Phase II RI, and two rounds of groundwater sampling 

were completed. Ten samples were collected from four shallow (overburden) and six deep (bedrock) wells 

during Round 1, and ten samples (including one field duplicate) were collected from three shallow and six 

deep wells during Round 2. Twenty-nine sediment samples were collected (all samples for GC field 

screening, and six samples for fixed-base laboratory analysis). A more extensive surface water sampling 

program was undertaken during Phase II RI to better define the nature and extent of contamination in the 
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Area A Wetland. In addition to the two Phase I RI sample locations, seven additional surface water samples 

were collected along Route 12, along the Area A Landfill boundary, and in the northeast portion of the site 

(east of the Area A Weapons Center). Sample locations are shown on Figures 7-2 and 7-3. Table 7-3 

presents a sample-specific summary of the sampling and analysis program for the Phase II RI. 

7.2.3 Focused Feasibility Studies (FFSs) 

Four sediment samples (2WSD23, 2WSD24, 2WSD25, and 2WSD26) were collected from the southwest 

portion of the Area A Wetland (along the earthen dike) as part of the Area A Downstream/OBDA FFS. 

Twenty additional sediment samples were collected from ten transects straddling the Area A Landfill/Area A 

Wetland boundary as part of the Area A Landfill FFS. Two samples were collected from each transect; one 

sample was collected from the wetland boundary, and the second was collected approximately 20 feet from 

the wetland boundary within the wetland area. Sample locations are shown on Figure 7-3. Table 7-4 

presents a sample-specific summary of the sampling and analysis programs for the FFSs. 

7.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Area A Wetland based on information 

generated during the Phase I and Phase II Rls. Topography and surface features, surface water, soils, 

geology, and hydrogeology are discussed in the subsections that follow. 

7.3.1 Topography and Surface Features 

The Area A Wetland is a relatively flat lying, swampy, vegetated area. Figure 7-l shows the topography and 

surface features of the Area A Wetland. In general, the surface elevation of the wetland is between 70 and 

80 feet. According to the surficial geology map (USGS, 1960) this area (between Baldwin Hill and the 

earthen dike) was historically a wetland. 

The surface elevation increases to nearly 100 feet in the northeast corner of the wetland. This area was 

historically a stream valley. After the earthen dike was constructed and the ground surface of the wetland 

was raised by filling with dredge spoil, groundwater levels rose to the point such that the dredge spoil 

placed in the northeast corner became saturated. 

Several areas within the Area A Wetland are elevated. The most prominent topographic feature is a bedrock 

knob, located between the Area A Weapons Center and the Area A Landfill. Test boring 2WTB4 confirmed 

the presence of bedrock within 1 foot of the ground surface at this location. Additionally, the local bedrock 
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knob is confirmed by the historical surficial geology map, which predates the construction of the earthen 

dike and filling activities. 

7.3.2 Surface Water Features (Atlantic, Auwst 1992) 

There is a small pond located at the southeast end of the wetland. Between 1 and 3 feet of standing water 

is present in the pond during all seasons. Water from the wetland discharges through an earthen dike at 

the western edge of the wetland via four 24-inch metal culverts to the Area A Downstream Watercourses. 

These watercourses subsequently discharge into the Thames River. Several shallow intermittent drainage 

channels cross the wetland. 

7.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the Area A Wetland as Udorthents-Urban land. This 

soil type is defined as excessively drained to moderately drained soils that have been disturbed by cutting 

and filling. This is consistent with historical information regarding the placement of dredge spoils in the area. 

The surface of the Area A Wetland is covered with a 2foot layer of roots and plant debris derived from 

Phragmires, the predominant vegetation. 

-4 
7.3.4 Geology 

The Area A Wetland is underlain by dredge spoils that consist of silt and clay with traces of fine sand and 

shell fragments. The makeup of the dredge spoils reflects their original depositional environment, i.e., river 

bottom sediments. The dredge spoils extend across the present site southeast to 2WMW3 (near the tennis 

courts) and southwest beneath the Area A Landfill. Dredge spoils are between 25 and 35 feet thick on the 

south side of the wetland adjacent to the landfill, and 10 to 15 feet thick on the northeast side of the wetland. 

Where dredge spoil does not lie directly on bedrock, it is underlain by a thin remnant of topsoil, which 

consists of dark, organic-rich silt, clay, and traces of roots. The topsoil is in turn underlain by alluvial 

deposits. The bedrock surface across the Area A Wetland is depicted on Drawing 4 (Volume Ill). Geologic 

conditions are shown on cross-sections E-E’ and F-F’ on Drawing 19 and 20, respectively (Volume Ill). 

The alluvial deposits which underlie portions of the Area A Wetland lie between dredge spoil 

materials/topsoil and bedrock. These deposits consist primarily of sand, with gravel and/or silt, and are 

significantly more coarse-grained than the overlying dredge spoils. The observed thickness of the alluvium 

in the Area A Wetland borings ranged from 0 to approximately 36 feet. Since most borings/wells are located 

along the fringes of the wetland, the presence/thickness of alluvium within the central portion of the alluvium 
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can only be inferred. Where present, the alluvium was first encountered at elevations typically ranging from 

45-50 feet msl in the eastern portion of*the wetland and 35-40 feet msl in the western portion near the dike. 

Based on these observations, the approximate lateral extent of the alluvium in the Area A Wetland can be 

estimated using the bedrock contours around the wetland, as ranging from the 35 foot msl contour at the 

dike on the western edge to the 50 foot msl contour along the eastern edge. Areas inside these contours 

(where the bedrock elevation is lower than the target elevation) are likely to contain some alluvium. Areas 

where the bedrock surface is higher than these elevations are not likely to contain alluvium. The approximate 

thickness of the alluvium can also be estimated using the bedrock surface contour map, with the thickness 

approximated as the difference between the projected (or measured) elevation of the top of the alluvium and 

the projected (or measured) bedrock surface elevation. 

Bedrock beneath the southern portion of the wetland has been identified as the Mamacoke Formation. The 

northernmost portion of the wetland is underlain by the Granite Gneiss, a gneissic biotite granite. The 

bedrock surface slopes to the valley occupied by the Area A Wetland from northern, eastern, and central 

bedrock highs toward the center of the wetland. The lowest bedrock elevation of 8.7 feet was identified at 

monitoring well location 2WMW3D. There are no data to confirm the bedrock elevation within the center 

of the wetland. There are two localized bedrock highs. In the northwest central portion of the wetland, the 

bedrock high corresponds to a topographic high and dry area within the wetland. This topographic high 

was identified on a historical surficial geology map (USGS, 1960). At the Weapons Center, a remnant 

bedrock high exists. This bedrock feature is the remnant of past blasting activity that lowered a formerly 

higher bedrock elevation at this location. 

7.3.5 Hydrogeology 

Groundwater is present within the overburden and bedrock underlying the Area A Wetland. As is typical for 

wetland environments, the water table is nearly at the ground surface throughout most of the Area A 

Wetland. Overburden (both the dredge spoils and alluvium) exists largely under saturated conditions. Due 

to the finer grained nature of the dredge spoils in comparison to the alluvium, the two units are distinct from 

a hydrogeologic perspective, but are hydraulically connected. Figure 7-4 shows shallow overburden 

groundwater contours for the Area A Wetland. Groundwater flow directions in the bedrock mimic the 

shallow overburden flow pattern (see Figure 7-5). Groundwater flows from higher elevations toward the 

bedrock valley and ultimately travels to the Area A Downstream Watercourses through a combination of 

discharge to local streams within the wetland and aquifer underflow. Cross section E-E’ shows the 

groundwater flow directions from the Area A Weapons Center and Rubble Fill Area at Bunker A86 toward 

the Area A Wetland. Cross-section F-F’ shows the groundwater flow direction from the Area A Wetland 

toward the Area A Downstream Watercourses and the Thames River. Groundwater elevations are similar 
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in the bedrock and overburden, but the gradient is slightly upward at the 2WMW5 well cluster and slightly 

downward at the 2WMW21 well cluster. The hydraulic gradient is relatively flat across the Area A Wetland. 

The shallow groundwater flow gradient from monitoring well 2WMW3S to Staff Gauge SG-6 is approximately 

0.0025 based on the August 1994 water level measurements. Atlantic reported a hydraulic conductivity of 

1 .O feet/day (3.5E-4 cm/set) based on slug testing completed in the dredge spoils. Assuming an effective 

porosity of 0.30, the estimated groundwater seepage velocity through the dredge spoils is 0.008 ft/day. 

Based on a hydraulic conductivity of 6.8 feet/day for the alluvium, calculated from a slug test by Atlantic 

for the Downstream Watercourses area, the alluvium is significantly more permeable than the dredge spoils, 

and groundwater flow velocities are expected to be higher. Using the same gradient and porosity as was 

used for the dredge spoils, a flow velocity of 0.06 feet/day for the alluvium was calculated. 

7.3.6 Ecological Habitat 

The Area A Wetland (23.6 acres) is characterized as a palustrine emergent, nonpersistent, narrow-leaved and 

broad-leaved deciduous scrub/shrub wetland with a non-tidal artificial water regime. Areas of open water 

(generally shallow) are scattered across this wetland unit. The sot? organic sediments that characterize 

these wetlands support a monoculture of the reed Phragmires commonis, which dominates all other 

vegetative forms. While providing good cover, no species of wildlife is known to utilize this emergent as a 

source of food. There are scattered patches of open water between the stands of reeds; scattered 

duckweed (Lemna spp.) and filamentous algae found in these areas. As the substrates become firmer, the 

vegetation becomes more typical of vegetation associated with old fields and upland areas. Those found 

in the zone of transition include viburnum (Viburnum recognifum), spicebush (Lindera benzoin), and black 

alder (Iex verricillara) (Atlantic, 1994c). The dominance of the Area A Wetland by Phragmites diminishes 

the potential quality of this habitat. However, the areas near the Area A Wetland do provide good habitat 

for ecological receptors that may use the wetlands as a source of drinking water. In addition, the open 

water areas are known to be utilized by aquatic birds, amphibians, and aquatic insects; amphibians and 

aquatic insects represent potential prey for wildlife that could forage in this area. 

7.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents an evaluation of the nature and extent of contamination in the Area A Wetland (Site 2). 

The discussion includes chemical analytical results from the Phase I and Phase II Rls as well as the FFS. 

The complete chemical and engineering analytical data base for all samples is contained in Appendix D.3. 
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7.4.1 Groundwater 

Positive analytical results for all groundwater samples are presented in Table 7-5. The results from Phase I 

and Phase II RI Rounds 1 and 2 are summarized in Tables 7-6 through 7-8. 

These tables show that this site exhibits minimal volatile and semivolatile organic groundwater contamination. 

The only volatile organic detection in samples from the Phase I RI wells occurred in shallow well 2WMW5S 

(1 pg/L xylenes). In the Phase II RI, carbon disulfide (2 pg/L) was detected in the sample from shallow well 

2WMW21 S. No other volatile organics were detected. Four phthalate esters, three phenols, and benzoic 

acid were also detected during these sampling events as well. Bis(2-ethylhexyl)phthalate was detected in 

the Phase I RI (C,, = 13 pg/L; deep well 2WMW6D) and the Phase II RI (C,, = 30.5 pg/L; average of 

duplicate results in deep well 2WMW26D). Three additional phthalate esters were detected in samples from 

Round 1 of the Phase II RI only at concentrations ranging from 0.6 pg/L to 3 pg/L. Phenols were detected 

in deep well 2WMW22D during Round 2 of the Phase II RI at concentrations ranging from 2 pg/L 

(2-methylphenol) to 14 pg/L (phenol). In addition, no pesticides or PCBs were detected during the 

Phase I RI. 

A majority of the maximum concentrations of metals in shallow and deep Phase I RI groundwater samples 

were found in samples from wells 2WMW3S and 2WMW3D, respectively. A majority of maximum 

concentrations detected in shallow wells during both Rounds 1 and 2 of the Phase II RI were found in the 

samples from well 2WMW21S which was installed during the Phase II RI. Maximum concentrations of 

metals in deep wells from the Phase II RI were more widely spread, although samples from wells 2WMW6D 

and 2WMW3D together contained a majority of the maxima. 

Based on the levels of uncertainty reported with results (i.e., uncertainty levels are greater than results) for 

gross alpha in samples 2WMW3S 2WMW5S. 2WMWlD and 2WMW6D, and for gross beta in sample 

2WMWl D, gross alpha and gross beta are considered as not detected in these samples. With this in mind, 

gross alpha was detected at 2.8 pCi/L in the sample from shallow well 2WMW6.S and gross beta was 

detected in shallow well samples at concentrations ranging from 4.4 pCi/L to 40.2 pCi/L. Gross alpha was 

detected at concentrations ranging from 4.7 pCi/L to 42.2 pCi/L in deep well samples, while gross beta was 

detected in deep well samples at concentrations ranging from 3.8 pCi/L to 51 pCi/L. Maximum 

concentrations for gross alpha and gross beta in deep well samples were both found in the sample 

2WMW3D. 

D-01-95-10 7-7 CT0 129 



Revision 1 
March 1997 

7.4.2 Surface Water 

Positive analytical results for surface water samples are presented in Table 7-9. The analytical results are 

summarized in Table 7-10. 

Diethylphthalate (3.5 pg/L in 2WSW2) was the only organic compound detected in the Phase I RI surface 

water samples. With the exceptions of cadmium, iron, lead, magnesium, manganese, potassium, and 

sodium, there was little difference in the metals concentrations between the two samples. Cadmium, iron, 

lead, and manganese were found at concentrations of 13.7 pg/L, 293 pg/L, 7.8 pg/L, and 52 pg/L, 

respectively, near Route 12 and at concentrations of 66.55 pg/L, 3415 pg/L, 1.5 pg/L, and 131 pg/L at the 

Area A Wetland outlet. Concentrations of cadmium, iron, and manganese were from two to twelve times 

higher at the Area A Wetland outlet than at the sampling location near Route 12, while the concentration of 

lead was approximately five times higher at the sampling location near Route 12. 

Based on the levels of uncertainty reported with results (i.e., uncertainty levels are greater than results) for 

gross alpha in both surface water samples and for gross beta in sample 2WSW2, gross alpha and gross 

beta are considered as not detected in these samples. With this in mind, gross beta was detected only in 

sample 2WSW2 (near the Area A Wetland outlet) at a concentration of 8.95 pCi/L. 

Tetrachloroethene was the only organic chemical detected in any of the nine surface water samples 

collected during the Phase II RI. It was detected at a concentration of 2 pg/L in sample 2WSW12, which 

is adjacent to the Area A Landfill. These analytical results, along with the Phase I RI results, indicate that 

there is essentially no contamination by organics in the wetland waters. The highest concentrations of many 

metals were detected in either samples 2WSW1 or 2WSW2. These metals include aluminum, arsenic, 

barium, boron, copper, magnesium, nickel, potassium, and sodium. 

7.4.3 Sediment and Soil 

Positive analytical results for sediment and soil samples collected during both the Phase I and Phase II RI, 

and the FFS are presented on Tables 7-11 and 7-l 2. respectively. TCLP results for sediments and soils are 

provided on Tables 7-13 and 7-14, respectively. Resutts for sediment and soil samples are summarized on 

Table 7-l 5. 

Several volatile organic chemicals were detected in the soil and sediment samples. These compounds 

include carbon disulfide, ketones, monocyclic aromatics, and halogenated aliphatics. Acetone, 2-butanone 
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and carbon disulfide were detected at the greatest concentrations (up to 850 pg/kg, 1400 pg/kg, and 

42 pg/kg, respectively). Halogenated aliphatics were detected in as many as six samples at concentrations 

ranging to 16 pg/kg (tetrachloroethane). Monocyclic aromatics were detected in as many as six samples 

at concentrations ranging to 14 pg/kg. These results are not considered indicative of a major source of 

volatile organics. 

PAHs were the most frequently detected class of compounds in the sediment and soil samples; they were 

also detected at the highest concentrations. Other semivolatile organics detected include three phthalate 

esters ranging up to 3,500 pg/kg, three phenols (each detected in only one sample) ranging up to 

240 pg/kg, 1,4dichlorobenzene (42 pg/kg in T6-B only), benzoic acid (detected at 32,000 pg/kg in 

sediment sample 2WSD9 and at concentrations less than 800 pg/kg in four other samples), and carbazole 

(ranging up to 130 pg/kg in six samples). 

The concentrations of PAHs were much higher in the sediment and surface soils (less than 2 feet deep) than 

in the subsurface soils. Total concentrations of carcinogenic and noncarcinogenic PAHs (CPAH and NPAH, 

respectively) are shown on Figure 7-6 per sample location for samples containing greater than 1,000 pg/kg 

CPAH or NPAH. The greatest total concentrations of both CPAH (227,000 pg/kg) and NPAH 

(184,400 pg/kg) were found in sediment sample 2WSD9, collected from the Area A Weapons Center 

drainage culvert. With that exception, concentrations of CPAHs and NPAHs were generally highest along 

the boundary of the Area A Landfill (particularly along the northwestern end of the boundary). 

Concentrations of CPAH and NPAH in all individual samples collected in the eastern part of the wetland area 

(i.e., away from the landfill boundary) were less than 1,000 pg/kg; only CPAH and NPAH concentrations 

detected in composite samples from the eastern portion of the wetland exceeded 1,000 pg/kg. 

Twenty-nine sediment samples were analyzed for 4,4’-DDT and its metabolites and dieldrin using field 

screening methodologies. No pesticides were detected, at detection limits ranging from approximately 

19 ,a/kg to 47 /a/b. 

Pesticides were detected by the fixed-base laboratory in several sediment samples. 4,4’-DDD, 4,4’-DDE, and 

4,4’-DDT were detected most frequently (in from 13 to 18 samples) and at the greatest concentrations 

(ranging from 44 pg/kg to 4800 pg/kg). Maximum concentrations of these three pesticides were detected 

in sediment sample 2WSD25, which is located at the outfall into the Area A Downstream Watercourses. 

Aroclor-1260 was detected in seven samples, at concentrations ranging from 82 pg/kg to 1500 pg/kg. 

These seven samples included samples collected during the FFS from transects 1, 6, and 7 and surface soil 
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sample 2WTB2 (0 to 2 feet), all located along the northwest boundary of the landfill. Concentrations of 

4,4’-DDT and its breakdown products (identified as DDTR) which are greater than 100 pgjkg as well as all 

positive concentrations of Aroclor-1260, are shown per sample location in Figure 7-6. Alpha- and gamma- 

chlordane were also detected in 12 and 11 FFS samples, respectively, but at much lower concentrations 

Gil, = 29 pg/kg). The remaining pesticides were detected in from one to four samples at concentrations 

of less than 40 pg/kg. Wiih the exceptions of 4,4’-DDT and its related pesticides detected in sediment 

samples 2WSD25 and nearby sample 2WSD24, samples collected from transects 2, 3, 5, and 6 along the 

northwest boundary of the Area A Landfill generally contained higher concentrations of pesticides than 

samples collected elsewhere in the Area A Wetland. 

Most of the maximum concentrations of metals in the sediment and surface soil samples were also found 

in samples collected along the northwest boundary of the landfill, primarily in sample T7-B. Maximums for 

calcium (6800 pg/kg), chromium (102 pg/kg), silver (4.5 pg/kg), and sodium (6650 pg/kg), however, were 

found in surface soil and sediment samples 2WTB8 and 2WSD8, collected from the northeast end of the 

Area A Wetland. Concentrations of metals detected in subsurface soils were generally similar to those 

detected in surface soils and sediments, although concentrations of a few metals (barium, boron, copper, 

iron, selenium, vanadium, and zinc) were more than two times greater in surface samples than in subsurface 

samples. Maximum detected concentrations of all metals except antimony in surface and subsurface soil 

samples were above NSB-NLON background levels. 

Several metals were detected in the TCLP extracts of the surface and subsurface soil samples. While 

concentrations of all TCLP metals were less than Federal Toxicity Characteristic regulatory levels, maximum 

concentrations of chromium, lead, and silver in subsurface samples were above Connecticut remediation 

standards for pollutant mobility for GB waters. 

7.5 CONTAMINANT FATE AND TRANSPORT 

The chemical analytical data do not indicate that contaminants are migrating from this area. Rather, the 

wetland receives runoff from surrounding areas such as Route 12, the Area A Weapons Center, and the 

Area A Landfill, which probably accounts for the presence of PAHs, pesticides, and some metals in the 

sediments and soils. The area may also have been affected by the past direct application of pesticides (i.e., 

DDT “bricks”) or by the placement of contaminated dredge spoils. During the Phase I RI, xylenes were 

detected in a single shallow well (2WMW5S) at a concentration of 1 pg/L. These results are not indicative 

of significant vertical transport of soluble contaminants. A few phthalate esters were detected in the 

groundwater as were some metals at concentrations that exceed drinking water standards, however, since 
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they are not typically soluble, their presence may be related to the presence of suspended sediment in the 

samples. Therefore, little contaminant transport appears to be occurring at this site. 

7.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains a summary of the risk assessment conducted for the Area A Wetland. The selection 

of Chemicals of Concern (COCs) is discussed in Section 7.6.1, and the potential receptors and exposure 

scenarios are presented in Section 7.6.2. The results of the risk assessment are summarized in 

Section 7.6.3. 

7.6.1 Data Evaluation 

COCs in site media were selected using the risk-based COC screening values described in Section 3.3.3. 

All data collected during Phase I and II Rls and all additional investigations were used to identify COCs, with 

the exception of composite sediment sample data collected during the Phase I RI (samples 2WSDl through 

2WSD8 for semivolatile organics, pesticides/PCBs, and inorganics), and soil collected from depths greater 

than 10 feet. Appendix F.6 contains the COC summary screening tables for the site. 

Since exposure to soil and sediment at the site is expected to coincide for potential human receptors, soil 

and sediment data were combined and a single set of COCs was identified for these media. The following 

chemicals were retained: 

0 PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 

dibenz(a,h)anthracene, and indeno(l.2,3-cd)pyrene). 

0 Pesticides (4,4’-DDD and 4,4’-DDT). 

0 Aroclor-1260. 

0 Metals (arsenic, beryllium, cadmium, chromium, manganese, and vanadium). 

As presented in the site-specific COC summary screening tables (in Appendix F.6), maximum soil/sediment 

detections were also compared to USEPA SSLs for migration to groundwater. Maximums for several 

chemicals (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, 

pentachlorophenol, 4,4,‘-DDD, 4,4’-DDE, 4,4’-DDT. beta-BHC, dieldrin, barium, cadmium, chromium, nickel, 

and selenium) detected in the soil samples exceeded the SSLs, indicating the potential for these chemicals 

to migrate to groundwater and potentially impact water quality. 
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COCs for groundwater were selected using unfiltered and filtered data from shallow and deep wells at the 

site. This approach results in a conservative list of COCs for groundwater since 1) groundwater at the site 

is not expected to be used as a potable water supply under potential future land use conditions and 2) 

dermal contact with shallow groundwater during construction activiiies is the only anticipated exposure to 

this medium. The list of COCs for this medium consists of: 

0 Bis(2-ethylhexyl)phthalate. 

0 Metals (antimony, arsenic, barium, beryllium, boron, cadmium, lead, manganese, nickel, thallium, 

and vanadium). 

Of these chemicals, maximum detections of bis(2-ethylhexyl)phthalate, arsenic, antimony, cadmium, lead, 

nickel, and thallium were in excess of primary MCLs. Antimony, which was not detected in the unfiltered 

samples, was selected as a COC because the concentration of this chemical in filtered sample 2WGW6D 

exceeded the risk-based screening level. 

COCs for surface water at the Area A Wetland include the following chemicals: 

0 Tetrachloroethene. 

l Metals (arsenic, boron, cadmium, manganese, and nickel). 

These chemicals were selected based on a comparison of detected concentrations to risk-based COC 

screening levels for residential tap water ingestion. Maximum concentrations of tetrachloroethene, arsenic, 

cadmium, and mercury exceeded ambient water quality criteria (for ingestion of water and organisms). 

Several organic compounds (acenaphthylene, benzo(g,h,i)perylene, 2-methylnaphthalene, phenanthrene, 

endrin aldehyde, endrin ketone, endosulfan sulfate, and delta-BHC) and inorganic essential human nutrients 

(calcium, magnesium, potassium, and sodium) were detected in the site soil samples, but could not be 

addressed in the quantitative risk assessment because of the absence of published toxicity criteria. In 

addition, USEPA Region I does not advocate a quantitative evaluation of exposure to aluminum and iron 

because the only toxicity criteria for these chemicals are provisional reference doses based on allowable 

daily intakes rather than adverse effect levels. Exposure to these chemicals is discussed in the general 

uncertainty section of the baseline human health risk assessment. . 

Exposure concentrations for surface water and groundwater are the average and maximum concentrations 

(CTE and RME, respectively). Because a sufficient number of soil/sediment samples were collected from 

the site, UCLs were used as the exposure concentrations for surface soil/sediment and “all soil” (soil from 
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depths of 0 to 10 feet)/sediment categories. However, in general, if the distribution of a data set was 

determined to be undefined, average and maximum detections were used. A summary of the COCs and 

exposure concentrations for each media is provided in Table 7-16. 

7.6.2 Exposure Assessment 

Exposures to contaminated media at this site are limited to children exploring the general area, although 

uncontrolled access to the Area A Wetland has been reduced by the installation of a chain-link fence 

between the wetland and North Lake. It is assumed that these trespassing children would range in age from 

6 to 16. Their exposures are assumed to occur between 52 (CTE) and 120 (RME) days/year for a 3-year 

to lo-year period. These children could be exposed to both sediment/surface soil and surface water via 

both incidental ingestion and dermal contact. This exposure scenario is considered to be extremely 

conservative considering the access restrictions in place. 

A construction scenario was also evaluated for this site. The construction worker would be exposed to “all 

soil” (soil from depths of 0 to 10 feet)/sediment via incidental ingestion and dermal contact and groundwater 

via dermal contact. Exposures are anticipated to occur between 80 (CTE) to 120 (RME) days/year during 

the entire length of the construction project, which is assumed to be 1 year. Additional details regarding 

all parameters used in the risk assessment exposure scenarios were presented in Section 3.3.3. 

In addition, both the older child trespasser and the construction worker could also be exposed to chemicals 

in soil via inhalation of fugitive dust and volatile emissions. This exposure pathway is evaluated in a 

qualitative fashion by a comparison of maximum soil concentrations to USEPA SSLs for the inhalation 

pathway. This comparison is summarized in the site-specific COC summary screening tables in 

Appendix F.6. Maximum detections for all soil chemicals were below the inhalation SSLs, indicating that the 

inhalation pathway is not expected to be a significant exposure route. Consequently, this exposure route 

was eliminated from further quantitative risk evaluation. 

7.6.3 Risk Characterization 

A summary of the quantitative risk assessment for the Area A Wetland is provided in this section. Total 

noncarcinogenic and carcinogenic risks for each exposure route, as well as the cumulative risks for the RME 

and CTE scenarios, are outlined in Table 7-17 for the older child trespasser and the construction worker. 

Sample calculations are provided in Appendix F.3. Appendix F.6 contains the chemical-specific risks for the 

site. 
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7.6.3.1 Noncarcinogenic Risks 

Cumulative Hazard Indices (HIS) for the older child trespasser and construction worker are less than unity 

for the CTE. Cumulative HIS for these potential receptors slightly exceed unity for the RME, which indicates 

that toxic effects may be experienced by these receptors under the defined exposure scenarios. 

Although all chemical- and route-specific Hazard Quotients (HQs) for the RME older child trespasser were 

less than unity, the cumulative HI slightly exceeded unity. Noncarcinogenic hazards for this receptor under 

the RME are attributed to exposure to cadmium (45 percent), manganese (32 percent), and PCBs (14 

percent). To identify whether toxic effects are likely under the RME scenario, a discussion of target organ 

effects is necessary for those chemicals contributing significantly to the cumulative risks. Chemical-specific 

HQs are not truly cumulative unless similar target organs or mechanisms of action are observed. 

Toxicological studies indicate that the primary target organs for exposure to those chemicals contributing 

the most to the cumulative risk are as follows (the total RME HQ for each chemical is included in 

parentheses) : 

0 PCBs (0.17) . . . . . . . Eyes, fingers, nails 

0 Cadmium (0.54) . . . . Kidney 

l Manganese (0.38) . , Central nervous system 

Based on the information presented above, it is unlikely that a total HI for a single target organ would 

exceed unity. Therefore, no toxic effects are anticipated for the older child trespasser under the RME 

scenario. 

Elevated noncarcinogenic hazards for the construction worker under the RME scenario are primarily 

attributed to dermal exposure to manganese in groundwater. The chemical-specific HQ for manganese via 

dermal contact (1.7) slightly exceeds unity. 

7.6.3.2 Carcinogenic Risks 

For the CTE scenario, cumulative incremental cancer risks for the trespasser and construction worker are 

less than 1 E-6. RME cumulative incremental cancer risks for these receptors are within the USEPA’s target 

risk range (1 E-4 to lE-6). Incidental ingestion of soil/sediment is the main exposure route of interest. 

Carcinogenic risks associated with this exposure route are attributed to the detection of several PAHs and 

arsenic in the site soil/sediment samples. Maximum detected concentrations for PAHs and arsenic were 

used to calculate ‘risks associated with the RME scenario. 
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7.6.3.3 Exposure to Lead 

Lead was identified as a potential COC for groundwater at the Area A Wetland. The maximum detection of 

this chemical in groundwater, (32.7 pg/L in unfiltered sample 2WGW2D), exceeded the Federal Action Level 

of 15 pg/L. As discussed in Section 3.3.3, exposure to lead was addressed using the USEPA IEUBK Model. 

The evaluation was performed for the RME scenario using the RME exposure concentration presented in 

Table 7-16, along with the maximum detected concentration of lead in soil/sediment samples (298 mg/kg, 

sample 2WMW6S) and several default parameters (for maternal contribution, dust, diet, etc.). Support 

documentation for the analysis is provided in Appendix F.6. The estimated geometric mean blood lead level 

for a child in a residential setting for the RME is 5.4 Fg/dL. This value is less than the established level of 

“concern”, 10 pg/dL. Based on the results of the USEPA IEUBK Model, children exposed site media are 

not expected to experience toxic effects from exposure to lead in a residential setting. 

7.6.3.4 Uncertainties 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, was 

provided in Section 3.3.5. Site-specific uncertainties for the risk evaluation for the Area A Wetland are 

presented below. 

Some inorganic chemicals detected in site soil samples may be attributable to naturally occurring 

background levels. Background levels for metals in soil at NSB-NLON, developed by Atlantic Environmental 

Services, Inc., were presented in Table l-2. Reported concentrations of antimony in the site surface soils 

were below the established background level. 

For this risk assessment, construction workers were assumed to come in contact with shallow and deep 

groundwater during excavation activities. The resulting estimated risks for this exposure route are 

overestimated to a certain degree since this receptor is more likely to be exposed to shallow groundwater. 

Several organic compounds (bis(2-ethylhexyl)phthalate, di-n-octylphthalate, phenol, 2-methylphenol, and 4- 

methylphenol) were detected in the deep wells only. Of these chemicals, only bis(2-ethylhexyl)phthalate was 

retained as a COC for this medium. This chemical did not contribute significantly to the cumulative risks 

for the construction worker. Therefore, the impact of the inclusion of shallow and deep groundwater data 

in assessing risks for the construction worker is considered to be minimal. 
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7.7 ECOLOGICAL RISK ASSESSMENT 

This section contains a site-specific ecological risk assessment for the Area A Wetland. Both maximum and 

average exposure point concentrations were considered in determining potential risks to ecological 

receptors. The process followed to determine exposure point concentrations and the methodology used 

to characterize risks to ecological receptors is summarized in Section 3.4. Detailed calculations are provided 

in Appendix 1.3. 

7.7.1 Conceptual Site Model 

Samples of surface water, sediment, and surface soils (0 to 2 feet) were collected from the Area A Wetland 

and analyzed. Additionally, frogs and fledgling catbirds were collected during the Phase I RI investigation 

and analyzed to determine tissue concentrations of chemicals. Several pathways have been identified for 

potential exposure to chemicals associated with the Area A Wetland. Ecological receptors utilizing this area 

are most likely to be exposed to sediment and surface water through direct contact, incidental ingestion 

while feeding or grooming, and drinking. In addition, receptors may come in contact with contaminants 

present in surface soils by direct contact with the soil as a results of foraging, movement through the area, 

or burrowing in the soil (e.g., soil invertebrates). 

7.7.2 Exposure Assessment 

As discussed in Section 7.3.6, the Area A Wetland is a palustrine emergent, nonpersistent, narrow leaved 

and broad-leaved deciduous scrub/shrub wetland. Phragmifes commonis dominates the emergent 

vegetation associated with the wetland. While this emergent provides cover, it does not represent a food 

source for wildlife and it is unlikely that the Area A Wetland supports as diverse an assemblage of wildlife 

as that typically associated with these types of habitats. However, the Area A Wetland is surrounded by old 

field and upland forest vegetation, and the wetlands represent a potential source of drinking water. Aquatic 

biota inhabiting the Area A Wetland may be exposed to contaminants through direct contact with and 

ingestion of surface water and sediment and indirectly, through the ingestion of prey. Complete exposure 

pathways for this site included potential uptake of contaminants by terrestrial vegetation and exposure of 

soil invertebrates by direct contact with contaminants present in soil moisture or through soil ingestion. 

Complete exposure pathways for small mammals and aquatic birds included direct contact with 

contaminated soil or sediments, incidental ingestion of soil and sediments while foraging, ingestion of 

contaminated drinking water, and consumption of contaminated prey. Predators could be exposed to 

contaminants at this site by consumption of contaminated prey, ingestion of contaminated drinking water, 
F 

or incidental ingestion of soil. 
=* 
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7.7.3 Receptor Organisms 

While the dominance by Phragmifes sp. diminishes the quality of this habitat, some of the areas next to the 

Area A Wetland (e.g., the Area A Downstream Watercourses) are likely to support populations of wildlife 

receptors. To evaluate potential impacts to wildlife receptors, it was assumed that the Area A Wetland 

supported a population of benthic invertebrates, that raccoons feed on frogs and drink from the wetland, 

and that mallards feed on benthic invertebrates (i.e., oligochaetes) and used the wetland as a source of 

drinking water. Additionally, the wetland was assumed to support a population of soil invertebrates, and 

small mammals (short-tailed shrews) that inhabited and foraged in the area, preying on soil invertebrates 

(earthworms). The short tailed shrew served as prey for red-tailed hawks. The same conservative 

assumptions summarized in Section 3.4.4.2 were retained for this assessment. 

7.7.4 Chemicals of Concern 

As discussed in Section 7.7.1, surface soils (0 to 2 feet), sediment, and surface water are media with which 

ecological receptors are likely to come in contact. COCs associated with these contaminated media were 

selected by comparing exposure point concentrations (both maximum and average values; Appendix 1.3) 

detected in surface soil, sediment, and surface water samples collected from the site to the following (see 

also Section 3.4.2): 

0 lnorganics were compared to concentrations of inorganic constituents present in samples col- 

lected from NSB-NLON background locations. 

0 lnorganics present in concentrations greater than background and all organic compounds were 

compared to conservative benchmark values protective of benthic invertebrates, terrestrial 

vegetation, soil invertebrates, the raccoon, the mallard, the short-tailed shrew, and the red-tailed 

hawk. Concentrations of inorganic and organic contaminants in surface water and sediments 

that exceeded chronic benchmarks were also compared to acute benchmarks. 

COCs identified as a result of comparing both the maximum and average concentrations detected in surface 

water, sediments, and surface soils collected from this area to benchmark values are summarized in 

Table 7-l 8. 
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7.7.5 Risk Characterization 

The ecological risk characterization for Site 2 - Area A Wetlands is summarized in this section. Risks to 

aquatic biota, terrestrial vegetation, soil invertebrates, and terrestrial vertebrates are evaluated. Detailed 

media- and receptor-specific calculations used to determine ecological risks for this site are contained in 

Appendix 1.3. 

7.7.5.1 Aquatic Biota 

As discussed in Section 3.4.2.3, potential risks to aquatic biota were determined by comparing concentra- 

tions of contaminants detected in surface water to conservative benchmarks for the protection of these 

receptors. The resulting HQs for aquatic biota at the Area A Wetland are summarized in Tables 7-19 

through 7-22. 

When the maximum concentrations in surface water were compared to benchmarks protective of aquatic 

receptors, it was determined that ten inorganics (aluminum, cadmium, barium, zinc, manganese, cobalt, 

mercury, iron, copper, and lead) were present in concentrations that exceeded their respective background 

and benchmark values. of these four metals, aluminum had the greatest HQ value (2.4E+2; Table 7-19). 

These results indicate that, based on exposure to maximum concentrations of inorganics in surface water, 

aquatic receptors inhabiting the Area A Wetland are potentially at risk. Average chemical concentrations 

also exceeded benchmark values protective of these receptors Table 7-20 (Appendix l.3), suggesting that 

it is likely that exposure to surface water in the Area A Wetland is adversely impacting aquatic biota. 

When maximum concentrations of inorganics with HQs > 1 were compared to acute surface water 

benchmarks, eight inorganics exceeded acute benchmarks (Appendix 1.3). Average concentrations of four 

inorganics (aluminum, cadmium, iron, and zinc) exceeded acute benchmarks. HQ values were generally 

less than those for comparisons to chronic benchmarks. 

When the maximum concentrations of inorganics in sediment samples collected from the Area A Wetland 

were examined, it was determined that arsenic, boron, chromium, copper, cyanide, iron, mercury, and 

vanadium exceeded background concentrations (Appendix 1.3). Of these inorganic.% only the maximum 

concentrations of cyanide (HQ= 6.1E+ l), copper (HQ = 4.7E+O), mercury (2.2E+O), chromium (HQ = 

2.OE+O), and arsenic (1 SE+O) exceeded their respective benchmark values (Table 7-21). The maximum 

concentrations of boron and vanadium also exceeded concentrations detected in background samples. 

However, no appropriate benchmark values could be determined for these analytes and HQs could not be 
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calculated. Because the potential risk associated with these metals could not be assessed, both were 

conservatively retained as potential COCs. 

Of the chemicals detected in sediments collected from the Area A Wetland, the maximum concentrations 

of 13 pesticides exceeded their respective benchmark values. The concentrations of gamma-chlordane and 

4,4’-DDD resulted in the highest HQs (2.3E + 2 and 1.5E+ 2, respectively; Table 7-21). These results indicate 

that benthic organisms exposed to the maximum concentrations of these analytes are potentially at risk. 

In addition to pesticides, the maximum concentrations of two PAHs (phenanthrene and fluoranthene) 

detected in Area A Wetland sediments also exceeded their respective benchmark values (Table 7-21). These 

elevated concentrations of PAHs were detected at sample location 2WSD9 (Figure 7-3). The location of this 

sample suggests that the Area A Weapons Center may represent the source of PAHs detected in Area A 

Wetland sediment samples. Although the concentrations of PAHs detected at this location represent a risk 

to benthic organisms, the results of the screening process determined that the average concentrations of 

these two organic contaminants did not represent a risk to aquatic biota (Table 7-22). These results indicate 

that, of the organic contaminants, pesticides detected in sediment samples collected from the Area A 

Wetland represent the greatest risk to aquatic biota. 

When maximum concentrations of inorganics with HQs > 1 were compared to acute sediment benchmarks, 

only cyanide exceeded its benchmark (Appendix 1.3). The same was true for comparisons to average 

concentrations. For organics, several compounds were COCs after comparisons of maximum 

concentrations to acute benchmarks; only methoxychlor was a COC for average concentration comparisons 

to acute benchmarks (Appendix 1.3). 

Of the metals, only the average concentrations of copper, cyanide, magnesium, and mercury exceeded 

concentrations present in background sediment samples (Appendix 1.3). However, only cyanide, copper, 

and mercury exceeded its benchmark value. The average concentrations of eight organic compounds also 

resulted in HQs greater than 1.0 when compared to benchmark values protective of benthic organisms 

(Table 7-22). These results indicate that the average concentrations of these COCs represent a potential 

risk to benthic organisms inhabiting the Area A Wetland. 

7.7.5.2 Terrestrial Vegetation 

As discussed in Section 3.4.2.3, potential risks to terrestrial vegetation were determined by comparing the 

chemical analytical results to conservative, phytotoxic benchmarks. The benchmark values listed in Will and 

Suter (1994) are conservative and do not consider site-specific soil characteristics which may affect 

bioavailability (and their potential toxicity) to plants (Section 3.4.2.3). Maximum and average chemical 
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concentrations detected in surface soil samples (0 to 2 feet) collected from this site were compared to these 

phytotoxic benchmark values and HQs were determined. Chemicals associated with the Area A Wetland 

were considered to represent a risk to terrestrial vegetation if the HQs exceeded 1 .O. The HQs determined 

for terrestrial vegetation at the Area A Wetland are summarized in Tables 7-24 (maximum concentrations) 

and 7-24 (mean concentrations). 

When the maximum concentrations of contaminants detected in Area A Wetland surface soils were 

compared to phytotoxic benchmark values, nine inorganics with HQs exceeding 1.6 were identified 

(Table 7-23). The maximum concentrations of aluminum, chromium, and vanadium produced the highest 

HQs for vegetation (HQs = 3.6E +2, 1 .OE + 2, and 3.8E + I; Table 7-23). When average concentrations were 

compared to phytotoxic benchmarks, HQs decreased somewhat (the HQ for aluminum, chromium, and 

cadmium equalled 3.OE+2, 7.OE+ I, and 2.7E+ 1 respectively). However, with the exception of selenium, 

the same chemicals identified as representing a potential risk to vegetation when maximum concentrations 

were considered still had HQs exceeding 1 .O when average concentrations were used (Table 7-24). Based 

on this conservative assessment, terrestrial vegetation associated with the Area A Wetland may be adversely 

impacted as a result of exposure to surface soil. 

7.7.5.3 Terrestrial Fauna 

Soil Invertebrates 

Conservative benchmark values protective of earthworms were used to identify potential risks to soil 

invertebrates inhabiting the Area A Wetland. The maximum and average concentrations of inorganics 

detected in surface soil (0 to 2 feet) samples collected from this site were compared to concentrations of 

constituents present in background samples. Inorganic contaminants present in concentrations greater than 

background values and all organics were then compared to benchmark values developed for earthworms 

(see Section 3.4.2.3) and HQs were determined (see Appendix 1.3). Chemicals associated with surface soil 

at the Area A Wetland were considered to represent a risk to terrestrial invertebrates if the HQs 

exceeded 1.0. These HQs are summarized in Tables 7-25 (maximum concentrations) and 7-26 (average 

concentrations). 

The maximum concentrations of surface soil chemicals were compared to benchmark values developed to 

be protective of soil invertebrates. The results of this comparison determined that chromium (HQ = 46E+O), 

lead (HQ = 2.2E+O), and copper (HQ = 2.1 E +0) were present at concentrations that could adversely 

impact these receptors (Table 7-25). As summarized in Table 7-26, the average concentrations of chromium 

(HQ = 2.8E +0) and copper (HQ = 1.4E + 0) exceeded the soil invertebrate benchmark values. As discussed 
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In Section 3.4.2.3, data regarding the toxicity of soil contaminants to soil invertebrates are limited and difficult 

to interpret, but the results of this assessment suggest that soil invertebrates exposed to either the maximum 

concentrations of chromium, lead, and copper, or the average concentrations of chromium and copper 

present in the Area A Wetland soils are potentially at risk. 

Terrestrial Vertebrates 

Potential risks to terrestrial ecological receptors coming in contact with chemicals present at the Area A 

Wetland were assessed by examining risks to the mallard, raccoon, short-tailed shrew and red-tailed hawk. 

Exposure pathways considered in this assessment for this site included the ingestion of contaminated prey, 

direct contact with the soil or sediment, incidental Ingestion of soil or sediment and ingestion of 

contaminated drinking water. All calculations performed for representative animals potentially inhabiting the 

Area A Wetland are contained in Appendix 1.3. 

As discussed in Section 3.53, risks to terrestrial receptors are expressed in terms of HIS, which are the sum 

of chemical-specific HQs. Tables 7-27 and 7-28 contain the HIS calculated for each receptor exposed to 

the maximum and average surface soil (0 to 2 feet) chemical concentrations associated with the Area A 

Wetland. 

It was assumed that raccoons and mallards would come in contact with chemicals through the drinking of 

wetland water and the incidental ingestion of sediments while foraging for food. It was also assumed that 

raccoons and mallards fed on amphibians (frogs) and benthic invertebrates (oligochaetes), respectively. 

As noted in Section 7.1 .I, frogs were collected and analyzed during the Phase I RI. Tissue concentrations 

from these analyses (see Appendix 1.3) were used to evaluate the potential risks to raccoons resulting from 

the consumption of prey (frogs) taken from the Area A Wetland. 

An HI of 56E+2 was calculated for the mallard when the maximum concentrations of chemicals in surface 

water and sediment were compared to benchmark values protective of the mallard. These results indicate 

that this species was potentially at risk (Table 7-27). The pesticides 4,4’-DDD (HQ = 26E+2), 4,4’-DDT 

(HQ = 1.7E+2), and heptachlor epoxide (HQ = 4.2Et 1) contributed most significantly to this receptor’s 

potential risk. Ingestion of prey contributed the majority of the risk (62.5%; Table 7-27). 

Using of average concentrations of sediment and surface water chemicals to determine the HI for the 

mallard resulted in lower risks (HI = 9.4E + I; Table 7-26). The pesticides heptachlor epoxide (HQ = 

4.2E+ I), 4,4’-DDD (HQ = 2.9E t l), 4,4’-DDT (HQ = 1.8E+ I), and 4,4’-DDE (HQ = 4.OE+O) were the only 

COCs that presented a potential risk to this receptor (Table 7-28). 
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Using acute toxicity benchmarks, no HIS > 1 were generated for either the maximum or average exposure 

scenarios for the mallard, indicating insignificant potential acute risks (Appendix 1.3). 

When the maximum chemical concentrations in surface water and sediment samples collected from the 

Area A Wetland were compared to benchmark values protective of the raccoon, an HI of 1.4E+ 1 was 

calculated. This result indicates that this species was potentially at risk (Table 7-26). Vanadium (HQ = 

4.2E+O), heptachlor epoxide (HQ = 2.6E+O), and phenanthrene (HQ = 1.2E+‘O) contributed most 

significantly to this receptor’s potential risk. Incidental ingestion of sediment represented this receptor’s 

primary means of exposure (85.6%; Table 7-27). 

Using the average concentrations of sediment and surface water chemicals to determine the HI for this 

receptor resulted in somewhat lower risks (HI = 8.8E t 0; Table 7-28). Vanadium (HQ = 4.2E t O), heptachlor 

epoxide (HQ = 2.2E to), and chromium (HQ = 1 .l E +0) were the only compounds that presented a 

potential risk to this receptor (Table 7-28). 

Using acute toxicity benchmarks for the raccoon, no HIS > 1 were generated for either the maximum or 

average concentration exposure scenarios; indicating insignificant potential acute risks for this receptor 

(Appendix 1.3). 

The HI calculated for the short-tailed shrew when the maximum surface soil and surface water 

concentrations were compared to benchmark values protective of this receptor (HI = 7.7E+2) indicates that 

this species was potentially at risk (Table 7-27). Four inorganics (aluminum, vanadium, chromium, and 

arsenic) contributed most significantly to this receptor’s potential risk. Ingestion of prey (39.5%) and 

incidental ingestion of soil (56.0%) contributed the majority of the risk (Table 7-27). 

When it was assumed that this organism was exposed to the average concentrations detected in the Area A 

Wetland, the resulting HI for this receptor was somewhat lower (HI = 2.8E +2; Table 7-28) but still indicated 

that this organism was potentially at risk. Vanadium, chromium, and arsenic were the analytes that made 

the greatest contribution to this receptor’s potential risk (HQ = 1.2E + 2, 6.8E + 1, and 2.5E + 1, respectively; 

Table 7-28). 

When compared to acute toxicity benchmarks, aluminum (HI = 2.3E t 1) and vanadium (HI = 4.7E t 1) were 

COCs using the maximum contaminant concentrations for the short-tailed shrew (Appendix 1.3). For the 

average exposure scenario, only vanadium (HI = 3.4E+O) had an HI value in excess of one. 
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When the maximum concentrations in soil and surface water at the Area A Wetland were compared to 

conservative benchmark values developed for the red-tailed hawk, an HI of l.OE+ 1 was calculated 

(Table 7-27). The pesticide, 4,4’-DDD, was the primary contributor to this receptor’s risk (46.4%). Aluminum 

(HQ = 1.7E to) and chromium (1.3EtO) were the only other contaminants contributing to this receptor’s 

potential risk (Table 7-27). Ingestion of prey (43.8%) and incidental ingestion of soil (55.4%) represented 

the primary means of exposure for this receptor. 

Comparison of average surface soil and surface water concentrations to the benchmark values developed 

for the red-tailed hawk resulted in HQs less than 1 .O for aluminum and chromium. The pesticide, 4,4’-DDD, 

was the sole chemical representing a potential risk to this receptor (HQ = 1.5E+O; Table 7-28). The total 

HI decreased to 4.OE t 0, and ingestion of prey (43.4%) and incidental ingestion of soil (56.1%) remained the 

primary risk contributors. These results indicate that exposure to the average concentrations detected in 

surface soils and surface water collected from the Area A Wetland also represents a potential risk to these 

predators. 

Using acute toxicity benchmarks, no HIS > 1 were generated for either the maximum or average exposure 

scenarios for the red-tailed hawk, indicating insignificant potential acute risks for this receptor (Appendix 1.3). 

7.754 Uncertainties 

As discussed in Section 3.4, the following conservative assumptions were maintained in performing this 

ecological risk assessment: 

0 the site use factor was assumed to equal 100% (i.e., the organisms were assumed to live and 
forage exclusively within the boundaries of this site), 

0 minimum body weights were used to calculate receptor dose 
0 maximum ingestion rates were used to calculate receptor dose 
0 contaminants were assumed to be 100% biologically available 
l the most sensitive life stage was assumed to be exposed to site contaminants 
0 it was assumed that only contaminated prey were consumed. 

By adopting these conservative assumptions, the final risk estimates are deliberately conservative and are 

likely to overestimate the actual risk associated with contaminants detected at the Area A Wetland. This 

approach was taken so it may be concluded with confidence that certain chemicals detected at this site are 

unlikely to represent an ecological risk. While this process serves to significantly reduce the uncertainty 

associated with eliminating certain chemicals from further consideration, uncertainty is associated with 

concluding that exposure to the remaining chemicals are adversely impacting ecological receptors. An 

analysis of the uncertainty associated with the risk assessment process is important in that it identifies, and, 

to the extent possible, quantifies the uncertainty associated the entire process (problem formulation, data 

D-01-95-10 7-23 CT0 129 



Revision 1 
March 1997 

analysis and risk characterization). The uncertainty introduced into the risk assessment process stems from 

three sources: 1) imperfect knowledge of things that should be known, 2) systematic errors (e.g, 

computational, data, or analytical transformation errors), and 3) nonsystematic errors (i.e., random or 

stochastic errors) and variability in the system being assessed (Solomon et. al, 1996). A detailed discussion 

of uncertainties associated with the assessment process is contained in Section 3.4. This section focuses 

on uncertainties and assumptions that should be considered when interpreting the results of the ecological 

risk assessment performed at the Area A Wetland. 

It was conservatively assumed that the Area A Wetland served as the only area in which these representative 

ecological receptors foraged. The wetland itself encompasses approximately 14 ha. However, the majority 

of this area is covered by water. Therefore, the portion of the wetland that is actually utilized by the shrew, 

the raccoon, and the red-tailed hawk (i.e., the drier, un-submerged portion of the wetland) is substantially 

less than 14 ha. This observation, coupled with the home range of raccoon (39 ha) and the red-tailed hawk 

(60 - 160 ha) suggests that the actual risks to these two receptors are much less that indicated in Tables 

7-27 and 7-28. The shrew would be expected to come into contact with contaminated soils since it is a 

small terrestrial receptor with a smaller home range than the raccoon and red-tailed hawk. However, its 

exposure would be confined to the limited areas of unsubmerged soils around the wetland perimeter. The 

choice of the shrew as a representative for other small is conservative because of its very high metabolic 

rate, this species expends a great deal of effort foraging for food. Therefore, its contact with and incidental 

ingestion of soil is greater than that of other small mammals. However, as indicated above, it was also 

assumed that this receptor exclusively consumed contaminated prey. It is much more likely that the shrew 

would feed on contaminated and uncontaminated prey, which would reduce its exposure to site 

contaminants. This assumption therefore results in an overestimation of risk. 

Unlike the three receptors discussed above, the mallard could forage over the entire 14 ha wetland area. 

However, the mallard’s home range (540 ha) is much greater than the Area A Wetland. When the size of 

the homerange is factored into the HI calculations for this species, the resulting HIS are reduced by an order 

of magnitude. These results suggest that the risks to this receptor are probably much less than those 

suggested by the original set of HI calculations. 

Uncertainty is also associated with characterizing the toxicity of contaminants detected at this site. The 

ecological risk assessment determined that a number of inorganic contaminants present in surface water 

samples collected from the Area A Wetland produced HQ values in excess of unity for aquatic biota. The 

benchmark values used to characterize risks to aquatic biota (e.g., chronic ambient water quality criteria) 

were deliberately conservative and tend to overestimate risks. For instance, ambient water quality criteria 

are based on total contaminant concentrations (measurement includes bound and dissolved contaminants) 
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rather than dissolved (i.e., more biologically available) contaminant concentrations. Furthermore, the ambient 

water quality criteria for metals and other contaminants are primarily based on the results of laboratory 

toxicity tests. Metals used in these tests are typically in the form of simple salts that are added to relatively 

clean (e.g., laboratory grade) water. Contaminants in these laboratory toxicity tests are generally more 

bioavailable than contaminants present in ambient water that typically contains significant concentrations 

of binding agents. These laboratory test conditions contribute to the conservative nature of ambient water 

quality criteria. 

In addition to the conservative methods used to generate water quality criteria, the concentrations of two 

inorganic chemicals measured in surface water samples indicates that the chronic ambient water quality 

criteria may be too conservative for the Area A Wetland. Specifically, the results of the risk assessment 

determined that aluminum and barium represented potential contaminants of concern. However, the chronic 

benchmark value for barium was less than barium concentrations measured in surface water samples 

collected from all of the reference locations. Like barium, the benchmark value for aluminum was also less 

than that recorded in samples collected from the pond in Pequot Woods, suggesting that, like barium, the 

potential risks associated with chronic exposure to this contaminant are actually less than suggested by the 

HQ value. These results suggest that aquatic organisms inhabiting the Area A Wetland have adapted to 

these naturally occurring concentrations of aluminum and barium and the potential risks associated wlth this 

contaminant are probably less than that indicated by their calculated HQ values. 

Conservative benchmark values were also used to assess risks to benthic macroinvertebrates exposed to 

contaminated sediments. Contaminants resulting in the highest HQ values included gamma chlordane, 

DDTR, and several other pesticides. The methods used to characterize ecological risks for benthic organisms 

were those reviewed and approved by USEPA’s Science Advisory Board for establishing sediment quality 

criteria for nonpolar organic chemicals (Equilibrium Partitioning; USEPA, 1993). This method depends on 

the sediment organic content, chronic ambient water quality criteria, and Kocs. Kocs were calculated from 

Kows for these organic contaminants using the regression equation listed in Section 3.4. Therefore, the 

reliability of the site-specific benchmark value for an organic contaminant depends directly on the reliability 

of the Kows for these contaminants. Measured Kows for most organic chemicals reported in the literature 

are highly variable - a range of two orders of magnitude is not unusual (USEPA, 1993). Investigations by 

USEPA have determined that newer methodologies for measuring K,, (i.e., the generator column and the 

slow stirring methods) appear to produce reproducible, accurate results, whereas values generated using 

older methods of measurement were highly variable. The KO,s used to calculate the site-specific sediment 

benchmark values were those reported in Table 3-2 of this report and compiled by USEPA in Appendix IX 

to 40 CFR Part 264, September, 1992. Uncertainty associated with these values would be reduced if it 

could be determined whether or not the generator column or slow stirring methods were used to generate 
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the K,,,s used in these calculations. Alternatively, Kow values generated by the USEPA Research Laboratory 

in Athens, GA and summarized in an unpublished USEPA internal report (USEPA, 1995b) might be used to 

perform these calculations and reduce the uncertainty associated with these calculations. 

In addition to the K,,, the site-specific organic sediment benchmark values also depend on the reliability 

of the ambient water quality criterion. The Federal and State of Connecticut chronic ambient water quality 

criteria (CAWQC) for DDTR are the same (0.001 pg/L) and were generated using aquatic toxicity data 

available in 1960 (USEPA, 1960). The CAWQC was used in the calculations performed to predict site- 

specific benchmark values protective of benthic organisms. This value is not protective not of aquatic biota. 

It is based on toxicity to sensitive vertebrate (i.e., the brown pelican) receptors. It is possible that this value 

may be too conservative for aquatic biota, resulting in an overestimation of the actual risks to these 

receptors. 

Finally, it should be noted that the Equilibrium Partitioning Method (EqP) is based on the assumption that 

the amount of sediment organic carbon, and the bulk sediment organic contaminant concentratio& are 

related. However, EqP assumptions are only approximately true; therefore, predictions based the model 

are inherently uncertain. This uncertainty reflects the inherent variability in the experimental results used to 

test the model and the fact that various phenomena have not been accounted for by the model (USEPA, 

1993). 

While inorganic contaminants were present in excess of conservative benchmark values, no additional data 

were available to assess the biological availability of these contaminants (i.e., acid volatile sulfide 

concentrations were not measured). Without these data, it is not possible to determine whether inorganics, 

rather than organic contaminants, represent a greater potential risk to benthic macroinvertebrates. 

The results of the ecological risk assessment demonstrated that several inorganic chemicals present in the 

surface soil at the Area A Wetland represent a potential risk to terrestrial vegetation. However, the wetland 

and the area immediately surrounding the wetland supports vegetation (e.g., Phragmifes sp.). fbragmites 

sp. is well known as an invasive. opportunistic species, tolerant of physically disturbed conditions such as 

those associated with the Area A Wetlands. However, its presence and the presence of other vegetation, 

suggests that the chemical contaminants present in the samples collected from this area do not appear to 

be adversely impacting vegetative growth. As noted in Section 3.0, the benchmark values used to identify 

vegetative COCs are conservative and do not take into account site-specific variables that govern the 

bioavailability of soil contaminants to vegetation. 
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According to the results of the ecological risk assessment, it was determined that aluminum contributed 

most significantly to the potential risks calculated for terrestrial vegetation. According to Will and Suter 

(1994), aluminum exerts a toxic response in terrestrial vegetation by interfering with cellular division in roots, 

decreasing root respiration, binds with phosphorus so that ft is not biologically available, interferes with the 

uptake of essential nutrients (calcium, magnesium, phosphorus) and water, and disrupts enzyme activity. 

Seedlings are more susceptible to the effects of aluminum toxicity than are older plants (Will and Suter, 

1994). 

, 

The aluminum benchmark value used to determine if this metal represented a potential risk to terrestrial 

vegetation was taken from Will and Suter (1994). The benchmark is based on the results of a single study 

that documented a 30% reduction in white clover seedling establishment when 50 mg/kg aluminum was 

added to a sandy loam soil with a pH of 5.0. Because only a single study describing the phytotoxicity of 

aluminum could be identified, the confidence in this benchmark, and therefore the conclusions regarding 

the potential impacts of aluminum on vegetation within the Area A Wetland, is limited. 

The results of the risk assessment determined that chromium, copper, and lead represented a potential risk 

to soil invertebrates associated with this site. As noted in section 7.7.5.3, copper represents one of a handful 

of contaminants whose impact on soil invertebrates has been relatively welldocumented. The main concern 

associated with other inorganic soil contaminants is that they may accumulate in soil invertebrates and 

adversely impact predators. Although the risk assessment indicated that copper, chromium, and lead 

represented a potential risk to these receptors, additional site-specific data (e.g., soil toxicity tests) are 

necessary to reduce the uncertainty associated with concluding that these contaminants are biologically 

available in concentrations that would adversely impact these receptors. 

Uncertainty is also associated with the biological availability of soil organic contaminants. None of the soil 

samples collected from this site were analyzed for TOC. However, a number of the sediment samples were 

analyzed for this parameter. In the absence of TOC data for surface soils, the average sediment 

concentration of TOC was used to predict biologically available concentrations of organic contaminants. 

It is not known if this value over or under represents actual surface soil concentrations of TOC at this site. 

The use of the sediment TOC value also introduces uncertainty with respect to how well the predicted 

earthworm BAFs for soil organics represent actual BAFs. TOC is one of the parameters used to calculate 

earthworm BAFs for organic contaminants. 

It was also determined that aluminum was among the contaminants making the greatest contribution to the 

potential risk calculated for the short-tailed shrew. As summarized in Appendix H, although abundant in 

food, aluminum is not an essential element for mammals. Aluminum is not readily absorbed through the 
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skin and gastrointestinal absorption of ingested aluminum is poor due to the transformation of aluminum 

salts into insoluble aluminum phosphate. The lack of accumulation of aluminum in animals with age or any 

increase in tissue levels of aluminum following high dietary intake suggests that mammals possess a 

homeostatic mechanism for this element. This suggests that assumptions that aluminum is 100% 

bioavailable are too conservative for this element. 

The benchmark used to assess the potential risk to small mammals associated with aluminum was derived 

from toxicity tests performed on female mice. These results are summarized in Opresko et al. (1994). 

Female mice were exposed to a single dose of aluminum chloride added to drinking water. The tests 

extended for more than one year, including reproductive stages. The results of the test therefore represent 

the effects of long term chronic exposure and are consistent with the assumption that exposure to site 

contaminants is also probably chronic. Growth of the second and third generations was significantly 

reduced. Therefore, the single dose administered during these tests was regarded as the LOAEL. The 

LOAEL value was converted to an NOAEL by multiplying by 0.1. The lack of a NOAEL introduces 

uncertainty to these test results. 

The risk assessment determined that vanadium contributed most significantly to the HI calculated for the 

raccoon (Tables 7-27 and 7-28). Vanadium is the 21st most abundant metal in the earth’s crust and is a 

natural component of fuel oils. In addition, vanadium is commonly employed as an alloying agent by the 

steel industry and as a catalyst in the chemical industry (Ellenhorn and Barceloux, 1988). Vanadium appears 

to help regulate the Na’/K+ ATPase pump. The physiological mechanism associated with this metal’s 

toxicity is unknown but is believed to be associated with its inhibition of oxidative phosphorylation (Ellenhorn 

and Barceloux, 1988). Vanadium compounds are poorly absorbed through the gastrointestinal wall. This 

information indicates that the assumption that 100% of the vanadium consumed by raccoons at the Area 

A Wetland was absorbed is overly conservative. 

As summarized in Table 3-17, the endpoint (NOAEL) used to assess risks to mammals associated with 

exposure to vanadium was based on a study summarized in Opresko et. al (1994). This study reported the 

results of a laboratory toxicity test conducted on female rats exposed to three doses of vanadium in the form 

of metavandate (41.78% V) administered via oral intubation. This method of administration introduces 

uncertainty to these test results in that it does not represent a natural means of exposure. 

The study performed on the female rats extended through 80 days prior to gestation and through gestation, 

delivery, and lactation. The results of the test therefore represent the effects of long term chronic exposure 

and are consistent with the assumption that exposure to site contaminants is also probably chronic. 

Because significant differences in reproductive effects were observed at all three administered doses, the 

D-01-95-10 7-28 CT0 129 



Revision 1 
March 1997 

Z--- lowest dose used in the study was selected as the LOAEL. The resulting LOAEL values were converted to 

NOAEL values by multiplying by 0.1. The lack of a NOAEL also introduces uncertainty to these test results. 

The results of the ecological risk assessment determined that DDTR contributed significantly to the risk of 

the mallard and red-tailed hawk. DDTR manifests its toxic effect by affecting the nervous system and as a 

hepatotoxin. It’s affect on avian reproduction (i.e., egg shell thinning) is also well known. As summarized 

in Appendix H, long-term dietary exposure to 2.8 to 3.0 mg/kg (wet weight) results in adverse reproductive 

effects in mallards, screech owls, and black ducks. When compared to other contaminants, the wildlife 

toxicity database for DDTR is relatively robust. 

For the mallard and red-tailed hawk, the LOAEL for the brown pelican, as reported by Anderson et al. (1975), 

served as the basis for developing species-specific NOAELs. According to USEPA (1993) this study was 

deemed most appropriate for the development of avian wildlife criieria for the Great Lakes because: “it 

represented a peer-reviewed field study that provided a chemical-specific dose-response curve for 

reproductive success”. A UF of 4.00E-2 was applied to the brown pelican LOAEL (2.80E-3 mg/kg/day), 

resulting in a NOAEL of 1.12E-4 mg/kg/day for the mallard and red-tailed hawk. As noted by USEPA 

(1993), piscivorous (fish-eating) birds such as the brown pelican are among the avian species most severely 

affected by DDTR. Because development of wildlife criteria protective of piscivorous birds was among the 

goals of the Great Lakes Initiative, use of these data were particularly appropriate. However, neither the 

mallard nor the red-tailed hawk is piscivorous. Therefore, employing the LOAEL generated for the brown 

pelican probably results in an overly conservative NOAEL for these two species. The conservatism of this 

value (1.12 E-4 mg/kg/day) is indicated by the LOAELs reported for mallards. LOAELs for this species 

ranged from 0.58 to 2.91 mg/kg/day (USEPA, 1993). Using a UF of 2.00E-1 to convert from LOAELs to 

NOAELs produces mallard NOAELs that range from 0.116 to 0.582 mg/kg/day, significantly greater (less 

conservative) than the value used to evaluate risks to mallards. While no similar DDTR toxicity data were 

identified for the red-tailed hawk, results of a study conducted on the American kestrel (LOAEL = 0.39 

mg/kg/day; Peakall et. al, 1973) were reported. This species, like the red-tailed hawk, feeds on small 

mammals, rather than fish. When a UF of 4.00E-2 is used to account for taxonomic differences between 

kestrels and owls and to convert from a LOAEL to a NOAEL, a red-tailed hawk NOAEL of 1.56E-2 

mg/kg/day is generated. This value, like those generated for the mallard, are substantially higher (less 

conservative) than the brown pelican NOAEL used to assess ecological risks to this receptor. 

7.8 COMPARISON OF SITE DATA TO CONNECTICUT STANDARDS 

Analytical data for the Area A Wetland were compared to Connecticut drinking water standards, remediation 

standards (CTDEP, January 1996), and Water Quality Standards (1992). Tables summarizing the comparison 
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of sfte data to Connecticut standards are provided in Appendix F.6. These tables, which follow the 

quantitative risk assessment spreadsheets in the cited appendix, identify, on a media-specific basis, those 

chemicals detected at concentrations in excess of state criteria. Maximum and average chemical 

concentrations are presented in the summary tables. Although the maximum concentration of a chemical 

may exceed an associated state criteria, the distribution of the chemical in the medium is also important with 

respect to decision making. Therefore, the average chemical concentration was included to provide some 

information on the potential distribution of the chemical. A brief narrative of the findings of this qualitative 

analysis is provided in the remainder of this section. 

Site-specific soil/sediment data were compared to Connecticut remediation standards for direct exposure 

and pollutant mobility. Based on conversations with the State, USEPA, and Navy (October 25, 1995), an 

industrial land use scenario is considered to be the most likely exposure scenario for the sfte. The following 

chemicals were found at maximum concentrations exceeding the state remediation standard for direct 

exposure under industrial land use: 

0 Benzo(a)anthracene 

0 Benzo(a)pyrene 

0 Benzo(b)fluoranthene 

0 Arsenic 

0 Beryllium 

0 Chromium 

To address concerns regarding migration of chemicals from soil to groundwater, site soil data were 

compared to Connecticut remediation standards for pollutant mobility. The groundwater classification for 

the Area A Wetland is GB, which indicates although the State recognizes that groundwater may not meet 

GA criteria at this time, the goal is to restore groundwater to GA quality. The list of chemicals reported at 

maximum concentrations exceeding the GB pollutant mobility criteria consists of: 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Fluoranthene 

Pyrene 

Dieldrin 

Chromium 
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0 Lead 

0 Silver 

As indicated, TCLP analytical results for several metals exceeded GB pollutant mobility criieria. A qualitative 

evaluation of the TCLP analytical results for the site soil samples (in relation to state pollutant mobility criteria 

for inorganics and PCBs) is provided in Table 7-13. 

Analytical groundwater data for the site were compared to Connecticut MCLs and remediation standards 

for groundwater and surface water protection. The following chemicals were detected in the unfiltered 

groundwater samples at maxima exceeding the state MCLs: 

0 Bis(2-ethylhexyl)phthalate 

0 Arsenic 

0 Cadmium 

0 Nickel 

0 Thallium 

Exceedances of MCLs were noted for antimony, arsenic, beryllium, cadmium, nickel and thallium in the 

filtered groundwater samples. In addition, manganese was detected in the unfiltered and filtered samples 

at maximum concentrations in excess of the 5 mg/L Connecticut Department of Public Health and Addition 

Services Action Level. Sodium was detected at a maximum concentration of 8,500 mg/L in the unfiltered 

samples and 8,180 mg/L in the filtered samples. Both of these maxima exceeded the 28 mg/L state 

Notification Level. 

Maximum groundwater concentrations (unfiltered and/or filtered) for the following chemicals exceeded the 

Connecticut remediation standards for groundwater protection: 

Bis(2-ethylhexyi)phthalate 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Lead 

Nickel 

Thallium 
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It should be noted that the groundwater protection criteria are applicable for GA or GAA designated 

groundwater and are also used to protect existing groundwater regardless of the classification. ‘CI 

Since groundwater at the Area A Wetland eventually discharges to a surface water body (i.e., Downstream 

Watercourses), site-specific groundwater data were also compared to Connecticut remediation standards 

for surface water protection. Those chemicals found at maxima exceeding the surface water protection 

criteria are, as follows: 

0 Arsenic 

0 Beryllium 

0 Cadmium 

0 Lead 

l Zinc 

For surface water, a qualitative analysis of risk associated with the site data was conducted using 

Connecticut Water Quality Standards for human health, which are similar to Federal AWQC. The list of 

chemicals reported at maxima exceeding the state AWQC for the consumption of organisms and/or water 

and organisms includes: 

0 Tetrachloroethene 

0 Arsenic 

l Cadmium 

l Mercury 

7.9 SUMMARY AND CONCLUSIONS 

This section presents a summary of major findings of the investigations for the Area A Wetland site. A 

summary of the nature and extent of contamination is provided in Section 7.9.1. Sections 7.9.2 and 7.9.3 

summarize the baseline human health risk assessment and ecological risk assessment for the site, 

respectively. Section 7.9.4 summarizes the comparison of site data to state standards and Section 7.9.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

7.9.1 Nature and Extent of Contamination 

Various media including surface water, groundwater, sediment, and soil were sampled at the Area A Wetland 

during the Phase II RI. For the most part, very little evidence of groundwater and surface water =4 
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contamination was evident in the samples collected at this site. For example, carbon disulfide (2 pg/L in 

one sample) and xylenes (1 pg/L in one sample) were the only volatile organics detected in groundwater 

samples. Low concentrations of various semivolatile organics were detected in the groundwater. 

Bis(2-ethylhexyhphthalate was detected at the highest concentration (30.5 pg/L). Only one organic 

chemical (tetrachloroethene) was detected in surface water at the site. This compound was detected in one 

of nine samples obtained at the site, and the concentration was 2 pg/L. 

Several volatile organics were detected in the sediment and soil matrices, although most concentrations are 

also relatively low. The most concentrated volatile organic detected was 2-butanone (1,400 pg/kg). By 

contrast, relatively high concentrations of various PAHs were found in the sediment and surface soil 

samples. Concentrations of these analytes ranged as high as 80,000 pg/kg (fluoranthene). Several 

pesticides and one PCB (Aroclor-1260 at a maximum concentration of 1,500 pgjkg) were also detected in 

the sediment samples. 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT were detected most frequently and at the highest 

concentrations (up to 4,800 pg/kg). Chemicals detected at high concentrations in the solid matrices are 

all considered to be relatively immobile in the environment, as a result of their relatively low solubilities 

and/or high absorption tendencies. 

7.9.2 Baseline Human Health Risk Assessment 

The baseline risk assessment for the Area A Wetland focused on an older child trespasser and a 

construction worker. Exposure to surface water, soil/sediment, and groundwater were considered. 

Noncarcinogenic risks (HIS) for the construction worker and older child trespasser under the RME scenario 

exceeded unity. However, no toxic effects are anticipated for the older child trespasser since chemicals 

contributing the most to the cumulative risks for this receptor do not impact similar target organs. For the 

construction worker, manganese (groundwater) contributes significantly to the elevated noncarcinogenic 

risks. It should be noted that manganese is relatively abundant in the environment. 

Lifetime incremental cancer risks for the CTE scenarios for the trespasser and construction worker were less 

than 1 E-6, the lower bound of the USEPA target risk range. Lifetime incremental cancer risks exceeded 

1 E-6 for the RME trespasser (4.2E-5) and the RME construction worker (1.2E-5). Primary contributors to 

the cancer risk estimates for both receptors include PAHs and arsenic. 
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7.9.3 Ecological Risk Assessment 

The Area A Wetland is dominated by the reed Phragmltes commonis. While providing cover, no wildlife 

species are known to utilize this emergent as a food source. The dominance of the wetland by Phragmites 

diminishes the habitat quality of this area. However, areas near the wetland do provide good habitat for 

ecological receptors that may forage in the wetlands and use it as a source of drinking water. Organisms 

utilizing this area may come in contact with surface water, sediments, and soil contaminants associated with 

the site while searching for food, ingesting water and prey, or burrowing in the soil (e.g., soil invertebrates). 

Using the conservative assumptions discussed in Section 3.4.4.2, the maximum chemical concentrations 

in these three media were compared to benchmark values protective of various aquatic and terrestrial 

ecological receptors. The results of these comparisons indicate that chemicals associated with this site 

could adversely impact aquatic biota, terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. 

When the risks associated with the average concentrations were evaluated, risks to these receptors were 

somewhat reduced but still exceeded 1 .O. These results suggest that chemicals detected in surface water, 

sediment, and surface soil at the Area A Wetland represent a potential risk to both aquatic and terrestrial 

receptors. 

7.9.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 7.8. Fluoranthene, pyrene, and dieldrin in the soil and sediment samples were not retained as COCs 

in the baseline human health risk assessment, but were reported at maxima in excess of Connecticut 

remediation standards for pollutant mobility. Although detected concentrations were less than risk-based 

COC screening levels, these soil/sediment compounds may migrate to groundwater and potentially impact 

water quality. 

For groundwater, sodium was the only chemical which exceeded a state standard, but was not retained as 

a COC for the human health risk assessment. It should be noted that the applicable state standard for 

sodium is a Notification Level for a drinking water source and no dose-response parameters are available 

to quantitatively address exposure to this chemical. 

Mercury was the only surface water chemical which exceeded the state AWQC for human health, but was 

not retained as a COC in the baseline human health risk assessment. The maximum detections of this 

chemical in unfiltered and filtered surface water samples were less than the risk-based concentration for tap 

water ingestion and only slightly exceeded the state AWQC for consumption of organisms and/or water and 

organisms. 
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7.9.5 Recommendations 

It is recommended that the site proceed to a Feasibility Study (FS) to evaluate a “limited action” effort, 

consisting of a groundwater monitoring program and possibly access/use restrictions. This 

recommendation for the Area A Wetland is based on the following information: 

0 Liile evidence of surface water or groundwater contamination is present at the site. Only one 

organic chemical (tetrachloroethene) was detected in surface water at the site. Carbon disulfide 

(2 pg/L in one sample) and xylenes (1 pg/L in one sample) were the only volatile organics 

detected in groundwater samples. Low concentrations of semivolatile organic compounds [the 

highest concentration detected was 30.5 pg/L of bis(2-ethylhexyl)phthalate] were detected in 

groundwater. 

0 Although significant concentrations of PAHs, pesticides, and one PCB were detected in soil and 

sediment samples, these compounds are considered somewhat immobile in the environment. 

Several volatile organic compounds were detected at relatively low concentrations in the soil and 

sediment. It is also noted that elevated concentrations of PAHs were detected in sample 

location 2WSD9. The location of this sample suggests that the Area A Weapons Center may 

represent the source of contamination. This finding will be discussed further in Chapter 8, 

Site 20 - Area A Weapons Center. 

0 The human health risk assessment concluded that carcinogenic risks were less than lE-8 or 

within the USEPA target risk range of lE-6 to lE-4. Noncarcinogenic risks were below the 

USEPA acceptable level of one for the CTE. However, the RME construction worker may 

experience toxic effects since the cumulative HI exceeded one. The human health risk 

assessment assumed that the construction worker would come in direct contact with soil and 

groundwater at the site. It is required (per OSHA standards for work on hazardous waste sites) 

that Health and Safety measures (i.e.. personal protective equipment and monitoring) be 

instituted to minimize direct soil and groundwater contact during future construction. Therefore, 

following these health and safety measures would lower the risk to the construction worker to 

acceptable levels. Furthermore, the majoriiy of the construction worker risk is attributable to the 

presence of manganese in groundwater which is a commonly detected inorganic. 

0 The Area A Wetland is dominated by Phragmires which does not provide a food source to 

ecological species. Although the Area A Wetland provides a good habitat for ecological 

receptors and potential risks exist for aquatic and terrestrial receptors: the calculations were 

D-01-95-10 7-35 CT0 129 



Revision 1 
March 1997 

performed using highly conservative estimates. Furthermore, obvious ecological impacts have 

not been observed to date. 

The exact extent of the “limited action” alternative will be developed during the FS phase of this project. 

Groundwater monitoring will likely be the major process option in any limited action remedial alternative 

developed for the Area A Wetland; however, access/use restrictions on certain media at the site may be 

used to augment monitoring in certain limited action plans. The FS will evaluate “limited action” alternatives 

(for instance, monitoring with and without access/use restrictions) as well as a “no action” alternative and 

one or more “active remediation” alternatives. A “limited action” alternative may only be implemented at the 

Area A Wetland if it compares favorably in the feasibility study to other “no action” and “active remediation” 

alternatives. 

--1 
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TABLE 7-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Analysis 

Sample ID 
Sample Depth Target Compound List (TCL) TAL”’ TCLP”’ 

(feet below ground) ’ Radlological~’ 
Volatiles Semivolatiles 

Pesticides/ Metals 
PCBs”’ 

Metals/ 
(total) Pesticides 

SOIL 

2wTBl 8-10 . (5) 0 a 0 0 1 

2WTBl I . I 0 I.1 0 I 
2WTBl 15-17 0 0 0 0 0 

2WlBl 20-22 0 0 a 0 a 

2WlB2 o-2 0 0 a 0 0 

090690-2vvTB9 (4-6)@) o-2 0 0 0 0 0 

2WTB2 4-6 0 0 a 0 0 

2WlB2 I l I I .I l I 
2WlB2 I 0 I I a I 0 I 0 I 
2WTB2 I . I I. I.1 0 I 
2WB3 I l I I l 1.1 l I I I I I I I 

083190-2WTB9(4-6)(') 1 4-6 l 0 0 0 0 

2WlB3 10-12 0 0 0 0 0 



TABLE 7-1 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

2WTB3 

Sample Depth Target Compound List (TCL) TAL”’ TCLP”’ 
(feet below ground) 

Volatiles Semivolatiles 
Pesticides/ Metals Metals/ Radiological’“’ 

PCBs”’ (total) Pesticides 

15-17 a 0 0 0 0 

2WB6 I 4-6 I.1 l l.IolaI 

2WB7 

2WTB7 (25-27) (8) o-2 a 0 0 0 a 

2WTB7 4-6 0 0 a 0 l 

2WTB7 I 10-12 1.1. I.IoI.I 

2WMW2 o-2 0 
I 

l 0 0 0 



TABLE 7-1 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Analysis I 

Sample Depth 
(feet below ground) 

Target Compound List (TCL) TALur TCLP”’ 
Sample ID 

Radiological”’ Metals Metals/ 
(total) Pesticides 

Volatiles Semivolatiles 
Pesticides/ 

PCBs’” 

0 I 0 I 0 0 0 10-12 2WMW3 

2WMh'3 

2WMW5 

0 I 0 I 0 0 16-18 

o-2 0 I 0 I 0 l 

2WTBll(” o-2 0 I 0 I 0 0 

2WMW5 4-6 0 0 

2WMW5 10-12 0 0 

2WMW5 13-13.2 a l 

0 2WMW6 2-4 0 

SEDIMENT 

’ 112690-2WSDl o-o.5 0 0 0 0 0 

112690-2WSDl O(“) o-o.5 0 0 0 0 

112690-2WSD2 o-o.5 0 0 0 0 0 

112690-2WSD3 o-o.5 l 0 0 0 0 
3 

112690-2WSD4 o-o.5 0 0 0 0 0 pr= 
3% 
= 112690-2WSD5 o-o.5 0 0 l 0 0 4 

g2 
4-r 



2 
0 

? 
0 

iii 

TABLE 7-1 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Analysis 

Sample ID 
Sample Depth Target Compound List (TCL) TAL”’ TCLP”’ 

(feet below ground) 
I Volatiles Semivolatiles 

Pesticides/ Metals Radiological(4~ 

PCBs”’ 
Metals/ 

(total) Pesticides 

112690-2WSD6 o-O.5 0 0 0 0 0 

112690-2WSD7 o-o.5 a 0 0 0 0 

112690-2WSD8 o-O.5 0 0 0 0 0 

112690-2WSD9 o-O.5 0 0 l 0 0 

SURFACE WATER 

121090-2WSWl __ 0 0 a l 0 

121090-2wsw2 __ 0 0 0 0 a 

121090-2WSW3(“) __ 0 0 a 0 l 

GROUNDWATER 



“,, 
1 

8,) 
Ir 

TABLE 7-l (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

010291-2WMW6S 

I 121890-2WMW6D 

1 
2 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

I Analysis 

Sample Depth Target Compound List (TCL) TAL’*’ TCLP”’ 
(feet below ground) Radiologfcalf” 

Volatiles Semivolatiles 
Pesticides/ Metals 

PCBs”’ 
Metals/ 

(total) Pesticides 

__ 0 0 a a 0 

-- 0 0 0 0 0 

Polychlorinated biphenyls. 
Target Analyte List (TAL) Metals plus boron and cyanide. 
Toxicity Characteristic Leaching Procedure (TCLP) for metals and pesticides. 
Radiological analyses include gross alpha and gross beta analyses. 
0 - Indicates samples analyzed at a fixed-base laboratory. 
090690-2WTB9 (4-6) is a field duplicate of 2WTB2 (O-2). 
083190-2WTB9 (4-6) is a field duplicate of 2WTB3 (46). 
2WTB7 (25-27) is a field duplicate of 2WTB7 (O-2). 
2WTBll (O-2) is a field duplicate of 2WMW5 (O-2). 
112690-2WSDlO is a field duplicate of 112690-2WSDl. 
121090-2WSW3 is a field duplicate of 121090-2WSW2. 



TABLE 7-2 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI - ECOLOGICAL 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID Sample Type 

Analysis 

Target Compound List (XL) TAL Metals’*’ Percent Body 

Pesticides PCB”’ (Total) Lipids 

AVIAN”’ 

90 MB0 01 Tissue . (4) 0 0 0 

90 MB0 02 Tissue 0 0 0 0 

I 90 MB0 03 I Tissue I 0 I 0 I 0 I 0 I 

90 MB0 04 Tissue 0 0 0 0 

90 MB0 05 Tissue 0 0 0 0 

90 MB0 06 

90 MB0 14 Tissue 



TABLE 7-2 (Continued) 
SUMMARY OF SAMPLiNG AND ANALYTICAL PROGRAM - PHASE I RI - ECOLOGICAL 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Analysis 

Sample ID Sample Type Target Compound List (TCL) 

Pesticides PCB”’ 

TAL Metals’” 
(Total) 

Percent Body 
Lipids 

AVIAN-CONTROL 

90 MB0 15 Tissue 0 0 0 0 

90 MB0 16 Tissue 0 0 0 0 

!3JMBO17 

AMPHIBIAN” 

Tissue 

Pond 1A Tissue 0 l 0 0 

Pond 1A Liier 0 0 0 

I Pond 1B Tissue 0 0 0 l 

Pond 1B Liver 0 0 0 

Pond 1C Tissue 0 0 0 0 

Pond 1C Liver 0 a 0 

I Pond 1D I Tissue I l I 0 I 0 I 0 I 
Pond 1D 

I 

Liver 
I I I I 

0 0 0 



TABLE 7-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI - ECOLOGICAL 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Analysis 

Sample ID Sample Type Target Compound List (TCL) TAL Metals’*) Percent Body 

Pesticides PCB”’ (Total) Lipids 

AMPHIBIAN - CONTROL’@ 

9OMBO18 Tissue 0 0 0 0 

90 MB0 18 Liver 0 a 0 

1 Polychlorinated Biphenyls 
2 Target Analyte List (TAL) metals plus cyanide. 
3 Gray Catbird fledglings were trapped in both Area A Downstream and Area A Wetland. Information was not available to 

determine which of the sites the fledglings were collected from, so the samples are listed under both the Area A 
Downstream and Area A Wetland. 

4 0 - Indicates samples analyzed at a fixed-based laboratory. 
5 Frogs. 
6 Amphibian Control samples are applicable to Area A Downstream and Area A Wetland. 

c ii 



TABLE 7-3 

2 vl 

? 
0 

iii 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Anatysic 
Sample Depth 

Sampla ID (feet below Target Compound List fTClJ TAL MstslsGl 

ground) TCLP’D Engitmring14 
Volatilso Semivolatil~ Pesticidea PCBl’l Total Dissolved 

ROUND 1 . GROUNDWATER 

2WGW2D - - &I 0 0 0 

2WGW3S _ _ 0 0 0 0 

2WGW3D _ - 0 0 l 0 

2WGW5S _- 0 a 0 0 

2WGW5D _ _ 0 0 0 a 

2WGW6S _- 0 0 0 0 

2WGW6D __ 0 0 0 l 

2WGW21 S -- a 0 a 0 

2WGW21 D __ 0 0 0 0 

2WGW22D __ 0 0 0 0 

ROUND 1 . SEDIMENT 

2WSDlO o-o.5 0’4 

2WSDll o-o.5 0 
3 

2WSD12 o-o.5 0 a’= 

as 
2WSD13 o-O.5 0 = fi: 

2WSD14 o-o.5 @IO gs 
-J-r 



TABLE 7-3 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

2WSD36 o-o.5 0 

f, 1 (, 



“’ ” “I 
,) 

TABLE 7-3 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

Sample Depth 

(fwt below 

grourld) 

2WSD37 O-O.5 

2WSD38 O-o.5 

I 2WSD39 I O-o.5 

I 2WSD40 I O-o.5 

I+ 
AGUND 1 . SURFACE WATER 

Volatilsr 

Target Compound List (TCU 

Semivolatiler Pesticides PCB”l 
k 

0 

./O 

l /O 0 0 

l IO 

a/o 

0 

2WSWl r--- Surface I l I I l I.1 1.1.1 I 
2wsw2 Surface a l 0 0 0 0 

2WSW6 Surface 0 0 0 0 a 

2wsW7 Surface 0 0 l 0 0 

2WSW8 Surface 0 0 0 0 

I 0 I 0 I I 0 I I I 
-2wsw10 1 Surface I 0 I I@I.I I.1 I, I 

2WSWll Surface 0 0 0 0 0 

2wsw12 Surface 0 0 0 0 0 



TABLE 7-3 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Analysis 
Sample Depth 

Sample ID ffwt below Target Compound list fTCfj TAL MatslsDl 
ground) TCLP’D . 

Volatilvs PCB”’ 
Err@aerirqlG 

Serrrivolatilec Pesticides Total Dissolved 

ROUND 2 . GRGUNDWATER 

1 Polychlorinated biphenyls. 
2 Toxicity Characteristic Leaching Procedure (TCLP) for metals only. 
3 TAL Metals plus boron and hardness. 
4 Engineering Characteristics for soil include grain size distribution, moisture content, specific gravity, organic content, cation exchange capacity, pH, and total organic 

carbon content. 
5 0 - Indicates samples analyzed at fixed base laboratory. 
6 0 - Indicates samples field screened with a portable gas chromatograph. 
7 2WGW6D-D-2 is a field duplicate of 2WGW6D-2. 



TABLE 7-4 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - FOCUSED FEASIBILITY STUDIES(” 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

SEDIMENT 

2WSD23 

2WSD24 

2WSD25 

2WSD26 

Tl-A 

Tl-B 

T2-A 

DUP-O3@' 

T2-B 

T3-A 

T3-B 

T4-A 

T4-B 

T5-A 

Sample Depth 
Analysis 

(feet below Target Compound List (TCL) TAL Metals”’ 
ground) 

1 PCBs crow 
Engineering’“’ 

Volatiles Semivolatiles Pesticides 

o-1 l (5) 0 0 

o-1 0 0 0 

O-l 0 0 0 

O-l 0 0 l 

o-1 0 0 0 0 0 0 

o-1 0 0 0 0 0 0 

o-1 0 0 0 0 0 

o-1 0 0 0 0 0 a 

o-1 0 0 l 0 0 0 

o-1 0 0 0 0 0 0 

o-1 0 0 0 0 0 l 

o-1 l 0 0 0 0 0 

o-1 0 0 a 0 0 0 

o-1 l 0 0 0 0 0 



TABLE 7-4 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - FOCUSED FEASIBILITY STUDIES”’ 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

? 
0 

M 



TABLE 7-4 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - FOCUSED FEASIBILITY STUDIES”’ 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

1 Samples 2WSD23,2WSD24, 2WSD25, and 2WSD26 were collected as part of the Area A Downstream/OBDA Focused Feasibility Study (ITS). 
The remaining samples were collected as part of the Area A Landfill FFS. 

2 
’ 3 

Polychlorinated Biphenyls. 
Target Analyte List (TAL) metals plus boron and cyanide. 

4 Engineering parameters for sediment include grain size distribution, moisture content, and total organic carbon content. 
5 0 - Indicates samples analyzed at a fixed-base laboratory. 
6 DUP-03 is a field duplicate of T2-A. 
7 DUP-05 is a field duplicate of T6-A. 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 
INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

VOLATILES (UG/L) 

CARBON DISULFIDE 

XYLENES,TAL 
SEMNOIATILES (UGA) 

0115912WMW1D 2WGW210 zWGW21D 2WGW21D-2 2WGW2lD2 2WGW2lS 2WGW21s 
PHl PH2-1 PH2-1 PHZ-2 PH2-2 PH2-1 PH2-1 
01115l91 04lW94 04/04/94 07/07l94 07lO7t94 03/l&94 03/18/94 
2WMWl D 2WMW21 D 2WMW21 D 2WMW21 D 2wMw21 D 2wuw2l s 2wMw21 s 

Deep D-P D~@P D=P Deep Shallow ShalkJw 
Unfittered Unfiltered Fittered Unfiltered Filtered Untiltered Filtered 

I SU I 10 u I 10 u I I 2J I 
5U 10 u 10 u 10 u 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

8 
SAMPLE NUMBER: 0115912WMWlD 2WGW21D 2WGW21D 

6 
INVESTIGATION: Ptil PH2-1 PH2-1 
SAMPLE DATE: 01/15/91 o4Jo4l94 04lo4l94 
LOCATION: 2WMwl D 2WhdW21 D 2WMW2lD 
SCREEN DEPTH: Deep D-P Deep 
FILTERING: Unfiltered Unfiltered Filtered 

INORGANICS @GIL) 

2WGWZlD-2 2WGWZlD2 

PH2-2 PH2-2 

07lO7i94 07/07l94 l- 2wMw21 D 2WMW21 D 

Deep D=P 
Untiltered Filtered 

~ 2WGWZlS 

PH2-1 

03/18/94 
2wMw21s 

Shallow 
Unfineted 

2WGWZlS 

PH2-1 

OYlw94 
2wMw21s 

Shalkw 
Filtered 

POTASSIUM 1120 306OJ 3090 4620 4620 815000 J 843KlOJ 

SELENIUM 1.0 u 1.0 u 1.0 u 5.0 UJ 5.0 UJ 3.0 UJ 30.0 UJ 

SILVER 7.0 u 2.0 u 2.0 u 2.0 UJ 2.0 UJ 2.0 u 2.0 u 

SODIUM 28900 51500 523w 59ooo 7690000 J SWUOtXIJ 

THALLIUM 2.0 u 1.0 UJ 1.4 u 5.0 UJ 5.0 UJ 15.2 J 10.0 UJ 

VANADIUM 200 u 40 u 4.0 u 3.0 u 3.0 u 26.0 J 32.0 J 

1 ZINC I M.2 J I 11.0 J I 15.3 u I I ~~~ 12.0 u 6.9 u I 2.0 u I 2.0 u 
RAMONUCLIDES 

1 

I 

(PCUL) 

GROSS ALPHA I 0 +I- 1 9 I I I I I I 1 
1 GROSS BETA I 2 5 *I- 2 7 I I 1 I I I 

MISCELLANEOUS PARAMETERS (MGR) 
I 

7 
0” 

HARDNESS as CaCO3 I I 136 I 124 I 154 I I 5100 I I 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WGW21s-2 2WGW21S2 2WGW220 
INVESTIGATION: PH2-2 PH2-2 PH2-1 
SAMPLE DATE: 07/07/94 07107194 o4nKl94 
LOCATION: 2WMW21 s 2WMW21s 2WMW22D 
SCREEN DEPTH: Shallow Shallow Deep 
FILTERING: UnRRered Fitkred Unfiltered 

VOLATILES (UGR) 

2wGw22D 2wGw2m2 

PH2-1 PH2-2 

04/0!5/94 07lo7l94 

2WMW22D 2WMW22D 

D=P Deep 
Filtered Unfiltered 

ZWW22D2 

PH2-2 

07/07/94 
2WMW22D 

MP 
Fittered 

011491-2wMW20 

PHl 

01114i91 

2WMW2D 

D=P 
Unfiltered 

CARBON DlSULFlbE I 10 u I I 10 u I I 10 u I I 5u 

XYLENES, TOTAL 10 u 10 u 10 u 5u 
SEMIVOIATILES (UGIL) 

, 
10 u 2-METHYLPHENOL 10 UJ 10 u 2J 

QMETHYLPHENOL 10 UJ 10 u 3J 10 u 
BENZOIC ACID 25 UJ 5ou ns .I !in II I I _- - I -.- - Iv - 
BlS(2-ETHYLHEXVL)PHTHAlATE I 

I I I 

10 UJ I I 10 u I ! 10 u ! ! 10 u 
DI-N-BUT-YL PHTHALATE ! 10 UJ ! ! 10 u I 10 u 10 u 

DI-N-OCTYL PHTHAlATE 10 UJ 10 u 10 u 10 u 

DIETHYL PHTHALATE 10 UJ 10 u 10 u 10 u 

PHENOL 10 UJ 10 u 14 ,lO u 

1 

INGRGANICS (UG/L) 

ALUMINUM I 4160 I 289 u I 71 0 II I 768 II 
1 306U I 34.8 U I 139 1 I I --._ - I ._.- - I .-.- - 

ANTIMONY I 120 R I 131) R I 17n II I 1Rl-l II .._. .._.-._. .-- . .w.- - .W.” - 12.0 u 12.0 u 25.0 u 

ARSENIC 56.1 49.5 2.0 u 2.0 u 3.0 u 3.0 u 3.0 u 
BARIUM 166 J 143 J 107 J 102 84.0 72.3 39.0 

rn II I rn II 

6 II I II 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WGWZlS.2 2WGW21s2 2WGW220 

INVESTIGATION, PH2-2 PH2-2 PH2-1 
SAMPLE DATE: 07107t94 07to7f94 04Josl94 
LOCATION. 2wvw21s 2wMw21s 2WMW22D 
SCREEN DEPTH: Shallow Shallow Deep 
FILTERING: Unfiltered Filtered Unfiltered 

2WGW22D TNGWZZD-2 

PH2-1 PH2-2 

04/05/94 07/07/94 

2WMW22D 2WMW22D 

Deep D=P 
Filtered Unfiltered 

2Wcwm2 

PH2-2 

07107t94 
2WhtW22D 

D=P 
Filtered 

011491-2WMw20 

PHl 

01114J91 

2WMW2D 

Deep 
Unfiltered 

INORGANICS (UG/L) 

RADIONUCLIDES (PCUL) 

GROSS ALPHA I I I I I I 1 4.7 +I- 2.1 

GROSS BETA 1 3.6 +/- 3.0 
MISCELLANEOUS PARAMETERS (MGR) 

Y 
HARDNESS as CaC03 I 6150 I I 96 I 96.0 I 62 I I I 

% 



TABLE 7-5 

SUA 
ARE 
SAMPLE NUMBER: 1 ZWGWZD I2WGWZD 1 2WGW2D2 12WGW2D2 IO1 1191~2wMW3D I 2wGwm I2wGw3D I 

fiMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
IA A WETLAND; NSB-NLON. GROTON. CONNECTICUT 

F INVESTIGATION: PH2-1 Pti2-1 
E; 

PH2-2 PH2-2 PHl PHZ-1 PH2-1 
SAMPLE DATE: 04ml94 04fo5194 07107l94 07/07/94 0111 l/91 03/l 6194 03/16/94 
LOCATION. 2VVMVVZD 2WMWZD 2WMW2D 2WMW2D 2WMW3D 2WMW3D 2WMW3D 
SCREEN DEPTH: D=P Deep D=P D=P Deep 
FILTERING: 

VOUITILES (UGIL) 

Unfiltered Filtered Unfiltered Filtered Unfiltered 
Deep 
Unfiltered 

Deep 
Filtered 

B ! Ii 



TABLE 7-5 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

F 

AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

. , 
HARDNESS as CaC03 I 16 I 16.0 I 62 I I I 640 1 ;\’ 1 

3 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESl 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WGW3D-2 2WGW302 
INVESTIGATION: PH2-2 PH2-2 
SAMPLE DATE: 06ca94 06r26/94 
LOCATION: 2VVMWJD 2WMN3D 
SCREEN DEPTH: Deep Deep 
FILTERING: Unfiltered Filtered 

VOIATILES (UGR) 

LTS 

121190-mMw3S 

PHl 

12l1llQo 

2wMw3s 
Shallow 

Unfiltered 

2WGW3S 2wGw3s 

PH2-1 PH2-1 

03/I 8194 03/1&94 

2ww3s 2wMw3s 

ShdOW Shallow 

unfinered Filtered 
2 
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TABLE 7-5 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2WGW3D2 2WGW302 1211%2wMW3S 

INVESTIGATION: PH2-2 PH2-2 PHl 
SAMPLE DATE: oBl2w94 o6m394 12l11mo 
LOCATION: 2WMW3D 2WMWJD mMw3s 
SCREEN DEPTH: Deep Deep Shallow 
FILTERING: Untiitered Filtered unfittered 

2wGw3s 

PH2-1 

03/l B/94 

2wMw3s 
Shallow 

Untinered 

2wGw3s I2wGw3S-2 
PH2-1 

03/l 8194 
2wMw3s 

Shallow 

Filtered 

PH2-2 

2ww3s 

Shallow 

Unfiltered 

PH2-2 

2wMw3s 

Shallow 

Filtered 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

I 
12wGw!iD I2wGw50 SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 
FILTERING: 

PH2-1 PH2-1 
o4m394 04106194 
2WMW5D 2WMW5D 

Deep Deep 
Unfiltered Filtered 

121490-2WMW5S 

PHl 
12/14l90 

2WMWSS 
Shallow 

Unfiltered 

mGw5s 

PH2-1 

03ll9194 
2WhlW5S 
Shallw 

Unftiered 

2wGwss 

PH2-1 

03il9l94 
mMw5s 
Shalkw 

Filtered 

CARBON Dl&LFlbE I 10 u I I 10 u I I 5U 1 10 u I 
XYLENES, TOTAL 10 u 10 u 1 J 10 u 
SEMlVOLATi~ES (UGR) 

I 

IRON 24900 27600 131000 J 39200 J 

LEAD 2.0 UJ 2.0 UJ 1.0 u 1.6 J 2.0 u 1.3 J 2.0 UJ 

MAGNESIUM 26300 29400 36500 203OOOJ 

MANGANESE 5770 lm50 7160 7090 I 6130 7900 I 7670 

[ NICKEL I 11.0 u I 11.0 u I 7.0 u I 7.0 u I 7.0 u I 14.4 u I 12.6 J I 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

Q AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
9 

F 
SAMPLE NUMBER: 

s 
INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 

INORGANICS (UGIL) 

2wGW50 

PH2-1 

04ml94 
2WhlWSD 

D-P 
Unfiltered 

2wGw5u 2wGw5D-2 

PH2-1 PH2-2 

04/06f94 07m9t94 
2WhlW5D 2WMW5D 

Deep Deep 
Filtered Unfiltered 

2wGw5D2 

PH2-2 

07m9l94 

2WMW5D 

Deep 
Filtered 

121~2wMw5S 

PHl 

12114I90 
2WMW5S 
Shallow 

unfiltered 

2wGw5.s 
PH2-1 

03l19l94 
2WMWSS 
Shallow 

Unfiltered 

2ww5s 
PH2-1 

03l19l94 
2WMWSS 
Shallow 

Filtered 

RADIONUCLIDES (PWL) 
Y 

GROSS ALPHA I I I I 1 o+/-23.3 I I 
GROSS BETA 1 15.6 +I- 15 
MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I 244 I I 260 1 I I 292 I I 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND: NSB-NLON, , GROTON, CONNECTICUT 

2WGW5.S.2 2WGW5S2 

PH2-2 PH2-2 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SCREEN DEPTH: 

FILTERING: 
I 

VOLATILES IUG/Li 

2WGW6D 2wGw6D 

PH2-1 PH2-1 

03/l 6/94 03l16i94 

2wMw6D 2wMw6D 

D=P Deep 
Unfiltered Filtered 

2wGw6D-2 

PH2-2 

07/l 0194 
mmw6D 

Unfiltered 

zwGw6DD-2 

PH2-2 

07l1Ol94 

2wMw6D 

Deep 
Unfiltered 

CARBON Dl&LFlbE I 10 u I I 5u I 10 u I I 10 u I 10 u 

XYLENES, TOTAL 10 u 5u 10 u 10 u 10 u 
SEMIVOIATILES (UG/L) 

I 



TABLE 7-5 
SUMMARY OF POSlTlVE.GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLOI 
SAMPLE NUMBER: 
INVESTIGATION: 

SAMPLE DATE: 

LOCATION: 

SCREEN DEPTH: 

FILTERING: 

GROTON. CONNECTICUT 
?WGW!X-2 2WGW5S2 

PH2-2 PH2-2 
07/09/94 07nm94 
2wMw5s 2WMWSS 
Shallow Shallow 
Unfiltered Filtered 

INGRGANICS (UGR) 

1218902WMW6D 

PHl 

12I161’90 

2wMw6D 

Deep 
Unfiltered 

2WGW6D [mGw6D I2wGwm2 1 2WGW6D-D-2 
PH2-2 

07/l 0194 

2wMw6D 

~ Unfiltered 

PH2-2 
07/l o/94 

2wMw6D 

Unfinmd 

POTASSIUM 

I 14700 I ’ 

15500 I 6330J I 11300 11900 6960 
7120 

SELENIUM ! I I ! I 3.0 UJ 3.0 UJ 1.0 u 3.0 UJ 3.0 UJ 5.0 UJ 5.1 J 
I 

SILVER I 2.0 u I 2.4 U I 7.0 u I 2.0 UJ I 2.0 UJ I 2.0 u I 2.0 u 
SOOlUM 563ooo 

I 
94700 74100 7!xai-l @3!mrn t ---.-.-. . ---- ----- 69100 

THALLIUM 6.6 J 7.0 J 2.0 u 1.0 UR 1.0 UR 5.0 u 6.0 J 

VANADIUM 3.3 u 3.0 u 20.0 u 5.0 u 7.0 u 3.0 u 3.0 u 

1 ZINC I 3.1 u I 6.1 U I 21.1 J I 274 I 262 I 47.6 1 49.1 
PdNnhlIIPI ,ncr ,PPl” L 1 
IW.“I.YYLI”LY \’ ““L, 

GROSS ALPHA I I 1 4.6 +I- 5.7 I I I 
GROSS BETA 1 1 

I 
12.4 +I- 3.9 

MISCELLANEOUS PARAMETERS IMGILb 
I 

HARDNESS as CaC03 
. I 

I 326 I I I 476 I I 144 I 140 I 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2WGW602 2wGw6DDZ 0to2?31-2wMW& 
INVESTIGATION: PH2-2 PH2-2 PHl 
SAMPLE DATE: 07/l w94 0711 ol94 01lo2l91 
LOCATION: 2WMW60 2wMwGD 2WMW6S 
SCREEN DEPTH: Deep D=P Shallow 
FILTERING: Filtered Filtered Unfiltered 

mGw6s 2wGw66 

PH2-1 PH2-1 

03il6l94 03l16lQ4 

2WMW6S 2WMW6S 

Shallow Shallow 

Unfiltered Filtered 

II II 

CARBON Dl&LFlbE I I I 5U I 10 u I I I 
XYLENES. TOTAL 5U 10 u 
SEMIVOIATILES (UGA) 

( 

BISIZ-ETHYLHEXYLIPHTHAIATE 1 

DI-N-OClYL PHTHAIATE I I 10 u 10 u I 
DIETHYL PHTHAIATE I I 10 u I 10 u I I I 
PHENOL 10 u 10 u 
INORGANICS (UG/L) 

I 

ALUMINUM 646 U 66.2 u 2060 2260 2160 

ANTIMONY 12.0 u 13.4 J 25.0 u 15.0 u 15.0 UJ 

ARSENIC 50 u 5.0 u 3.0 u 2.0 UR 2.0 u 1 I I I I I 

BARIUM I 2x3 I 19.9 1 330 I 170 I 159 I I I 

LT I 6.0 U 3.0 u 14.3 20.7 29.2 u 

2.7 U 5.0 u 3.0 J 2.0 u 

5.0 UJ 

c II c II 4 lh 



TABLE 7-5 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 

? AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

7WGW6DD2 I oioB1-zb4Mw6s I2wGw6.s I2wGw6s I I 
PHZ-2 

0711 w94 

2VVhJW6D 

D=P 
Filtered 

PI41 

01Kw91 

2WMW6S 
Shallow 

Unfiltered 

PHZ-1 

03l16m 

2WMW6S 
ShafkW 

Unfiltered 

PHZ-1 

030 6l94 

2wMw6s 
Shallow 

Filtered 

II II 

SAMPLE NUMBER: 2WGW6D2 

INVESTIGATION: PHZ-2 

SAMPLE DATE: 0711 o/94 

LOCATION: 2VVMW6D 

SCREEN DEPTH: D=P 
FILTERING: Filtered 

9 
INGRGANICS (UGA) 

POTASSIUM 6610 6720 5510 6530 6590 

SELENIUM 5.0 UJ 5.0 UJ 1.0 u 3.0 UJ 3.0 UJ 

SILVER 2.0 u 2.0 u 7.0 u 2.0 UJ 2.0 UJ . 

SODIUM 69100 31200 21200 21300 

THALLIUM 5.0 u 5.0 u 2.0 UR, 1.0 UR 1.0 UR 

VANADIUM 1.0 u 1.0 u 20.0 u 5.0 u 6.0 U 

ZINC 30.9 33.5 136 162 163 I 
RADIONUCLIDES lPCULl 

GROSS ALPHA I 
GROSS BETA 
MISCELLANEOUS PARAMEERS (MO/L) 

HARDNESS as CaC03 I 

I 1 26*1-2.1 I I I I 
1 4 4 +I- 3.2 

I 

I I I 96 I I I I 



TABLE 7-6 
SUMMARY OF PHASE I GROUNDWATER ANALYTICAL RESULTS 
SITE 2 -AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 1 

Revision 1 
March 1997 

-* 

VOLATILE ORGANICS (ug/L) 

IXylenes, total I l/3 I 1 1 2WGW5S 1 014 I I (3) I 
SEMIVOLATILE ORGANICS (ug/L) 
Benzoic acid o/3 ND 114 12 2WGW3D 
Bis(2-ethylhexyl) 
phthalate o/3 ND l/4 13 2WGW6D 
INORGANICS (ug/L) 
Aluminum I 213 1 39.6-2060 1 2WGW6S 1 214 1 71.7-139 1 2WGW2D 
Arsenic l/3 I 7.6 2WGW3S 1 o/4 I I ND 

Sodium I 313 I31 200-l 36OOOOj 2WGW3S 414 128900-l 14000 1 2WGW3D 
Zinc 313 I 12.4-136 1 2WGW6.S i 414 1 16.1-62.1 i 2WGW2D 

1 Includes samples 2WMW3S, 2WlvlW5S and 2WMW6S. 
2 Includes samples 2WMWl D, 2WMW2D, 2WMW3D, and 2WMW6D. 
3 ND - Not Detected. 

D-01-95-10 7-66 

..- 
-4 

CT0 129 



TABLE 7-7 
SUMMARY OF ROUNDIIPHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 

0 
b NSB-NLON, GROTON, CONNECTICUT 

F 
PAGE 1 OF 2 

6 

Shallow Wells (1) Deep Wells (2) 
Unfiltered Filtered Unfiltered Flltered 

Analyte Frequency Concentration Location of Frequency Concentration Location of Frequency Concentration Locatlon of Frequency Concentmtlon Location of 
of Range Maxlmum of Range Maxlmum of Range Maximum of Range Maxlmum 

Detectlon Detectlon DetectIon DetectIon DetectIon Detection DetectIon DetectIon 
VOlATlLE ORGANICS (uglL) 
Carbon disulfide 1 114 1 2 12WGW21S 1 - I 1 NA (3) 1 016 1 1 ND (4) 1 I I NA 
SEMIVOLATILE ORGANICS (ug/L) 

I 



TABLE 7-7 
SUMMARY OF ROUNDllPHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 

0 
b NSB-NLON, GROTON, CONNECTICUT 
;’ 
G 

PAGE 2 OF 2 

s 

Shallow Wells (1) Deep Wells (2) 
Unflltered Filtered Unfiltered Flltered 

Analyte Frequency Concentration Location of Frequency Concentration Locatlon of Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maxlmum of Range Maximum of Range Maxlmum 

Detectlon Detection Detection Detectlon Detection Detection Detection Detection 
MISCELLAENOUS PARAMETERS (mg/L) 
Hardness as CaC03 1 414 1 96-5100 1 2WGW21S 1 - I I NA 1 616 1 18-840 1 ~WGW~D I 313 I 16-124 1 2WGW21D 

1 lndudes samples 2WGW3.S. 2WGW5S. 2WGw6S. and 2WGW21S. 
2 Indudes samples ZWGMD, 2WGW3D. 2WGW5D, 2WGVvED, 2WGVV21D. and 2WGW22D. 
3 NA - Not Analyzed. 
4 ND - Not Detected. 



TABLE 7-8 
SUMMARY OF ROUND YPHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 1 

Shallow Wells (1) Deep wells (2) 
Unfiltered FittONd UnfibRd FlitOnd 

AMI@ Frequency Concwdration Location of Frequency Concentration Location of Frequency Concenbatbn Location of Fmquancy Concentntbn Locrtion of 
01 Range Maximum Of Range Maximum of R8nge M8xlmum of Rmge Madmum 

DetecUon Detecuon OOtOCUOll DOlOCtlOfl DOtOCUOll oetectlon Detectbn Detection 
SEMIVOLATILE ORGANICS (ug/L) 
2-Mtiylphend o/3 ND (3) NA (4) 116 2 2wGw22D - NA 
CMethyiphend 013 ND (3) NA 118 3 ZWGWZZD NA 
&xudc add o/3 ND (3) NA 26 0.5-0.6 2VVGW2D NA 
Bis(2elhylheqi)phthalale on ND (3) NA l/6 30.5 2WGV@D NA 
Phenol 013 ND (3) NA 118 14 ZWGWLZD NA 
INORGANICS @g/L) 

Hardness as C&03 I NA 1 6B 1 62400 1 2WGW3D 1 I I NA I 
1 lndudes samples 2WGW3S-Z. ZWGwSS-2. and 2WGW21S2. 
2 lndudes samples ~WGW~D-Z,ZWGVJ~D-Z. 2WGWSD-2. ZWGWBD-Z. ZVvGkVXbD-2 (field duplicate ofZwG~2). 2WGW21B2, and 2WGW22D2. 

Duplicate sample results are averaged and counted as one sample. 
3 ND - Not Detected. 
4 NA - Not Analyzed. 



TAR1.E 7-9 
SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 121090-2wSWl msw1 2wSWl 
LOCATION: msw1 2wSWl 2wSWl 

SAMPLE DATE: 12/10/90 11/30/93 11/30/93 
INVESTIGATION: PH1 PHZ-1 PHZ-1 
FILTERING: Unfiltered Unfiltered Filtered 

VOLATILES (UGiL) 

TETRACHLOROETHENE I 5U I 10 u I 
SEMNOIATILES (UG/L) 

2wsw12 

msw12 

11/23/93 

PH2-1 
Unfiltered 

I 10 u I 10 u I I 2J I 
. , . , 

DIETHYL PHTHALATE I 10 u I I I I I I 
INORGANICS fUGRL 

I 

ALUMINUM I 137 I I 157 I 1200 I 99.8 I 94.7 I 66.9 J ARSENIC 3.0 u 2.9 2.0 u 2.0 u 2.8 2.0 u 2.6 I 

BARIUM 22.3 76.1 U 16.6 u 10.4 UJ 45.6 U 30.1 u 97.6 

BORON 1.7 R 270 50.0 u 50.0 u 197 75.9 J 154 

CADMIUM 13.7 28 u 2.0 UJ 2.0 UJ 2.0 UJ 2.0 UJ 2.0 UJ 

IRON I 293 J I I 309 I 1070 J I 7100 I 2660 I 11300 

LEAD 78 2.0 J 1.6 J 4.5 J 1.0 R 1.0 u 1.0 R 

1 MAGNESIUM la500 2270 I 443 I a620 I 6190 10300 

1 MANGANESE 52.0 J la60 96.1 I 43.7 J 624 325 596 I 

t VANADIUM I 20.0 u I 3.0 u I 3.0 u I 4.3 J I 3.0 u I 3.0 u I 3.0 u I 
1 ZINC 

RADIONUCLIDES (PCUL) 

I GROSS ALPHA 

I 22.a J I 318 I 31.4 I 60.3 I 14.4 u I 17.9 u I 16.9 U I 

I 0.4 +I- 1.60 I I I I I I I 
RADIONUCLIDES (PCUL) 

GROSS ALPHA 1 0.4 +I- 1.60 I I I I I I 
1 GROSS BETA GROSS BETA 1 1 1.6 1.6 +I- +I- 2.70 2.70 I I I I I I I I 

MISCELLANEOUS PARAMETERS MISCELLANEOUS PARAMETERS (MO/L) (MO/L) 

HARDNESS as CaC03 HARDNESS as CaC03 I I I I 143 143 I I I I 16 16 I I 126 126 I I I I 160 160 1 1 

c II 
c III 



TAR1.E 7-9 
SUMMARY OF POSITIVE StiRFACE WATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CO 

ii 

VOIATILES (UG/L) 

lNECTlCUT 

121ow2wsw2 

2Wsw2 

12l1om 
Ptil 

Unfiltered 

121o9x?wsw3 2wSWP 

2Wsw2 2Wsw2 

12/10/90 11/23/93 
PHl PH2-1 

Unfiltered Unfiltered 

2wsw2 

2Wsw2 

lll23J93 
PH2-1 

Filtered 

2WSW6 

2WSW6 

llml93 

PH2-1 

Unfiltered 

TETRACHLOROETHENE I I 5u I 5u I 10 u I 1 10 u I 
SEMN OLATILES (UGR) 

I 

1 OIETHYL PHTHALATE I I 10 u I 2.l I 10 u I I I 
INORGANICS (UGiL) I 

RADIONUCUDES (PCUL) 

GROSS ALPHA I 1 0.7 +I- 2.10 1 2.5 +I- 2.39 1 I I 1, GROSS BETA 1 6.9+/-X10 1 ll.O+/-33.20 1 1 
MISCELLANEOUS PARAMETERS (MO/L) 

HARDNESS as CaC03 I I I I 146 I I 32 I 1 



TAl3TZ 7-g 
SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 2wsw7 2wsw7 2wiw0 
LOCATION: 2Wsw7 2Wsw7 2WSW6 
SAMPLE DATE: 12Kw93 1 zo5i93 12m2/93 
INVESTIGATION: PH2-1 PH2-1 PH2-1 
FILTERING: Unfiltered Filtered Unfiltered 

VGLATILES (lJG/L) 

2wsw9 

2wsw9 

12nw93 
PH2-1 

Unfiltered 

II II II 

TETRACHLOROEfHENE I 10 u I I 10 u I 10 u I I I I 
INGRGANICS (UG/L) 

MISCELLANEWS PARAMETERS (MO/L) 

HARDNESS as CaC03 I 1 u I 1.0 u I 32 I 32 I I I I 



TABLE 7-10 
SUMMARY OF SURFACE WATER ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

Phase I(1) Phase II - Round 1 (2) 
Unfiltered Unfiltered Filtered 

Analyte Frequency Concentration Location of Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maximum of Range Maximum 

Detection Detection Detection Detection Detection Detection 
VOLATILE ORGANICS (ug/L) 
Tetrachloroethene 1 012 I 1 ND (3) 1 l/9 I 2 I2wsw121 - I 
SEMIVOlATILE ORGANICS (ug/L) 

1 NA(4) ] 

[Diethyl phthalate I l/2 I 3.5 1 2wsw2 1 O/l I - I ND I I I NA 
INORGANICS (ug/L) 

I 



TABLE 7-10 
SUMMARY OF SURFACE WATER ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

Phase I(1) Phase II - Round l(2) 
Unfiltered Unfiltered Filtered 

Analyte Frequency Concentration Location of Frequency Concentration Location of Frequency Concentration Location of 
of Range Maximum of Range Maximum of Range Maximum 

Detection Detection Detection Detection Detection Detection 
MISCELLANEOUS PARAMETERS (mg/L) 
Hardness as CaC03 I I I NA I at9 I 16-160 1 2wsw12 1 O/l I I ND I 

1 Includes samples 2WSW1, SWSW2, and 2WSW3 (field duplicate of 2WSW2). Duplicate results are averaged 
and counted as one sample 

2 Includes samples 2WSWl12WSW2, 2WSW6 through 2WSW12. 
3 ND - Not Detected. 
4 NA - Not Analyzed. 
5 R - Results rejected during data validation. 
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TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

8 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

$ r SAMPLE NUMBER: 

LOCATION: 

SAMPLE DATE. 
INVESTIGATION: 

SAMPLE TYPE: 

1126932WSDl(O-0 5) 112692WSD10(045 11~2WSD2(0-05) 11269X!WSD3(0-05) 112690~2WSD4(0-05) 112690-2WSD5(045) 112@1%2'~sDq~5) 

2WSDl 2WSDl 2WSD2 2WSD3 2WSD4 2WSD5 2WSD6 
11l26f9O 11 m/90 11/26/90 11126/90 11 m/90 llQ6l90 11/26/90 
PHl PHl PHl PHl PHl PHl PHl 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

J 

VOLATILES (UGIKG) 

2-BUTANONE 140 J 42 J 100 110 u MU 11 u B6U 

, ACETONE 210 300 130 230 20U 11 u 240 

CARBON DISULFIOE 11 17 16 16 J 10 u 5u 9J 

CHLOROBENZENE 11 u 11 u 10 u 54U 10 u 5u 43U 

METHYLENE CHLORIDE 11 u 11 u 10 u 54U 10 J 3J 10 J 

TETRACHLOROETHENE 11 u 11 u 10 u 54U 16 J 4J 10 J 

TOLUENE 11 u 11 u 10 u 54U 10 u 5u 43U 

TRICHLOROETHENE 11 u 11 u 10 u 54U 11 J 3J 43U 

XYLENES, TOTAL 11 u 11 u 10 u 54U 10 u 5u 43U 
SEMIVOLATILES lUG/KGl 



TARLE 7-l 1 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

8 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 11’&902WSDl(OdJ 5) 11X90-2WSDlO(O-05 1126~2WSD2(0-05) 112690~%‘SD3(0-0.5) 112690-2WSDqO-05) 

LOCATION: 2WSDl 2WSDl 2WSD2 2WSD3 2WSD4 

SAMPLE DATE: llml90 11126l9o 11 r26/90 lll26l90 lll26mJ 

INVESTIGATION: PHl PHl PHl PHl PHl 

SAMPLE TYPE: COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

INDENO(1,2,3CD)PYRENE 

NAPHTHALENE 
I 3500 u I 3700 u I 3400U I 3600U 1 3400U I 18m u I 2800 u 

3500 u .3700 u 34CMlU 3600U 3400U 1800 u 28oou 

IOCIOU 1 PENTACHLOROPHENOL 1 17ooa u I 18000u ! 16000u I 17ooo u 1 16000u ! 8700 u ! 14 

PHENANTHRENE I 3500 u I 3700 u I 34COl.J I 3600 u I 3400U I 1800 u I 2800 u 

PYRENE 1300 J 3700 u 34CQU 670 J 4605 1800u 470 J 

PESTlClDESlPCBs (W/KG) 
4,4’-DDD 140 J 33 UJ 35 UJ 33 UJ 17 UJ 28 UJ 

4,4-DDE 36 J 40J 35 UJ 33 UJ 17 UJ 28 UJ 

4.4’-DDT 34 UJ 33 UJ 57 J 33 UJ 17 UJ 28 UJ 

ALDRIN 17 UJ 16 UJ 17 UJ 16 UJ 8.7 UJ 14 UJ 

DELTA-BHC I 17 UJ I I 16 UJ 17 UJ 16 UJ 8.7 UJ 14 UJ 

---I L-44 LJJ I I 33 UJ I 35 UJ I 33 UJ I 17 UJ I 28 UJ 1 

INORGANICS (MGIKG) 
ALUMINUM 18900 18400 22200 18800 16600 14200 19300 

ANTIMONY 108 UR 11.3 UR 10.1 UR 9.8 UR 8.2 UR 8.2 UR 10.1 UR 

ARSENIC 9.2 J 10.2 J 9.5 J 9.5 J 10.0 J 8.5 J 10.5 J 

BARIUM 55.6 54.6 64.6 56.6 56.0 53.6 59.9 

BERYLLIUM 0.91 0.83 1.1 0.88 0.44 0.39 0.81 



TFBLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
x AREA A WETLAND: NSB-NLON, GROTON, CONNECTICUT 

1126%2WSD2(0-&5) llXW!WSD3(W 5) 11~2WSD4(0-0.5) 1126%2’A’SD5(00.5) 1126X-2wSD6(0-0.5) 

2WSD2 2WSD3 2WSD4 2WSD5 2WSD6 
11/26/90 lllm90 llml90 llmt90 lll26iW 
Ptil PHl PHl Ptil PHl 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

INORGANICS (MGiKG) 

BORON 4100 R 45OOR 4OWR 4400R 12OOR 1300R 730 R 

, CADMIUM 4.2 4.8 4.8 5.3 3.8 3.7 3.5 

CALCIUM 4670 4660 4930 4220 1480 109OJ 2090 

CHROMIUM 57.1 74.4 48.9 92.8 73.9 71.7 93.5 

COBALT 10.8 10.8 11.9 11.1 7.3 6.8 8.4 

COPPER 330 J 49.2 J 30.5 J 69.5 J 44.8 J 52.2 J 51.3 J 

CYANIDE 2.7 U 2.8 U 2.6 U 2.4 U 2.0 u 2.0 u 2.5 U 

IRON 28100 29200 31700 29700 26700 28300 

LEAD 51 0 606 21 3 J 46.1 56.8 48.1 69.0 

MAGNESIUM 7630 7800 7870 7990 5950 5550 6700 

MANGANESE 352 366 365 341 193 166 210 

MERCURY 021 UJ 028 J 0.19 UJ 0.31 J 0.26 J 0.35 J 0.32 J 

NICKEL 260 26.4 28.2 27.0 17.8 16.7 19.9 I 



TABLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
x AREA A WETLAND: NSB-NLON. GROTON, CONNECTICUT 

~ 

VOLATILES (W/KG) 

1126W-2WSD8(0-05) 

2wSD8 

11126/90 
PHl 

COMPOSITE 

112690-zwsD9(005) 

2WSD9 
11/26/90 

PHl 

GRAB 

2WSDlZ(FIELD) 

2WSD12 
11117/93 

PH2-1 

GRAB 

2WSDl3(FIELD) 

2WSDl3 

1 lllBl93 
PH2-1 

GRAB 
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TARLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

f 

AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SEMIVOLATILES (UGIKG) 

112690~2WSD9(0-0.5) 

ZWSD9 

llr26l90 

PHl 

GRAB 

2WSDt3(FIELD) 

2WSD13 

1 l/18/93 

PH2-1 

GRAB 

NAPHTHALENE 

PENTACHLOROPHENOL 

, PHENANTHRENE 

PYRFNF 

3700 u 3300U 8800U 

18ooou 16ooou 32000u 

3700 u 440J 

610 J 15OOJ 42WQJ ..-..- I I I I I I I 
PESTlClDESlPCBs (UGIKG) 

I 

4,4’-DDD 36 UJ 32 UJ 64 UJ 29.25 u 35.13 u 35.33 u 29.79 u 

4,4’-DDE 36 UJ 32 UJ 64 UJ 2925 U 35.13 u 35.33 u 29.79 u 

4,4-DDT 36 UJ 32 UJ 84 UJ 29.25 u 35.13 u 35.33 u 29.79 u 

ALDRIN I 18 UJ I 16 UJ 32 UJ I I I I 
I ALPHA-CHLORDANE 180 UJ 160 UJ I 320 UJ 

AROCLOR-1260 360 UJ 320 UJ 640 UJ 

BETA-BHC 18 UJ 16 UJ 32 UJ 

DELTA-BHC 18 UJ 16 UJ 32 UJ 

DIELDRIN 36 UJ 32 UJ 64 UJ 29.25 u 35.13 u 35.33 u 

ENDOSULFAN II 36 UJ 32 UJ 64 UJ 

ENDOSULFAN SULFATE 36 UJ 32 UJ 64 UJ 

ENDOSULFAN-I 18 UJ 16 UJ 32 UJ 

ENDRIN 36 UJ 32 UJ 64 UJ 

ENDRIN KETONE 36 UJ 32 UJ 64 UJ 

. . GAMMA-BHC (LINDANE) 18UJ 16 UJ 32 UJ 

GAMMA-CHLORDANE 180 UJ 160 UJ 320 UJ 

HEPTACHLOR 18 UJ 16 UJ 32 UJ 

HEPTACHLOR EPOXIDE 18 UJ 16 UJ 32 UJ 

I METHOXYCHLOR I 180 UJ I 160 UJ I 320 UJ I I I I I 
INORGANICS (MGIKG) 

lwcl I I I I I 1 ALUMINUM 1 .17800 ! 18300 ! m --- I 

ANTIMONY I 9.4 UR I 10.1 UR I 9.9 UR I 
ARSFNIC 13.9 J 8.1 J 11.8 J 

BARIUM 59.7 64.0 72.8 

BERYLLIUM 0.51 0.84 0.85 

BORON 46BR 3800R 490 R 

CADMIUM 3.5 5.0 6.1 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND: NSB-NLON, GROTON. CONNECTICUT 

ZWSD12(FIELD) 

2wSDl2 
1 l/17/93 

PH2-1 

GRAB 

2WSD13(FIELD) 

2wSD13 
11110lQ3 

PH2-1 

GRAB 

II.“r\“#u.lr~ ,‘.‘“‘“Y, 

CALCIUM 1030 6ml 2160 

CHROMIUM 69.3 95.7 63.7 

COBALT 7.6 10.2 6.6 

’ COPPER 346 J 71.5 39.6 J 
, 

CYANIDE 24 U 2.5 u 3.2 

IRON 24100 255Do 

LEAD 37.6 69.2 241 J 

MAGNESIUM 6060 7300 5000 

MANGANESE 193 270 357 , 
MERCURY 042 J 040 J 024 J 

NICKEL 176 242 21 2 

2 POTASSIUM 3790 4070 3310 

g SELENIUM 16 12 1.3 

SILVER 26 UJ 26 UJ 2.6 UJ 

SODIUM 464J 6650 321 J 

VANADIUM ! 44.0 ! 41 .o ! 559 ! ! 1 ! I 

C’ YI G II 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

T 2WSD15(FIELD) 2WSDlG(FIELD) 

2WSD15 2wSD16 
11118193 llll0l93 

PH2-1 PH2-1 

GRAB GRAB 

2WSD17(FIELD) 

2WSD17 
11118lQ3 

PH2-1 

GRAB 

2WSDlB(FIELD) 

2WSD18 
11117lQ3 

PH2-1 
GRAB 

2VVSDlQ(FIELD) 

2WSDlQ 
11110tQ3 

PH2-1 

GRAB 
I 

PESTlClDESlPCBs (UGIKG) 

,“.a, 

-PI I.? 

3%” 

ENDRIN KETONE 49 UJ I- 

GAMMA-BHC (LINDANE) 25 UJ 

GAMMA-CHLORDANE 2.5 UJ . 

HEPTACHLOR 2.5 UJ 

HEPTACHLOR EPOXIDE 2.5 UJ 

METHOXYCHLOR 25 UJ 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

~ 

2WSDZ?(FIELD) 

2WSD22 

lltlQt93 

PH2-1 

GRAB 
I I 1 1 I 

PESTlClDESlPCBs (UGIKG) 

ZWSD25 (0 010) 

2WSD25 

1 ol2Qt93 

FFS 

GRAB 

2WSD26 
1 ocmQ3 

BETA-BHC 7.6 U I 24 UJ 25 UJ 3.6 UJ 

DELTA-BHC 7.6 U 24 UJ 25 UJ 3.6 UJ 

DIELDRIN 3035 u 2972 U 43.49 U 15 u 47 UJ 48 UJ 6.9 UJ 

ENDOSULFAN II 15 u 47 u 46U 6.9 u 

ENDOSULFAN SULFATE 15 u 47 u 46U 

ENDOSULFAN-I 7.6 U 24 UJ 25 UJ 

ENDRIN 15 u 47 u 46U 

6.9 U I 

ENDRIN ALDEHYDE I I I 15 u I 47 u I 46U I 6.9 U 

I EhlUnDIb.l YCTAUE I 15 u 47 u 46U 6.9 U I LI.“I\II. 1.L I “I.L .,_ - . - 

GAMMA-BHC (LINDANE) 7.6 U 24 UJ 25 UJ 3.6 UJ I 
GAMMA-CHLORDANE 6J 14 J 25 UJ 3.6 UJ 

HEPTACHLOR 

HEPTACHLOR EPOXIDE I ~~~ I I I 7.6 U I 24 UJ I 25 UJ I 3.6 UJ 

METHOX-YCHLOR 76 U 240 u 250 u 36U 

MISCELLANEOUS PARAMETERS (MGIKG) 

TOTAL ORGANIC CARBON (MGIKG) 1 I I I 65000 I 91000 I 26ooa I I 

? 
0 

G: 
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TABLE 7-11 
SUlV#h&RY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

5 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

[ 
. - -..-. ---,. w-w ,--...-, 

SAMPLE NUMBER: 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

PFSTlClnFS/PCRc IIltWKfU 

2WSD27(FIELD) 

2WSD27 

1 l/19/93 
PH2-1 

GRAB 

2WSD28(FIELD) 

2WSD28 
1 lHQiQ3 

PH2-1 

GRAB 

ZWSD2Q(FIELD) ~WSD~~(FIELD) 

2WSD2Q 2WSD30 

llIlQlQ3 llHQi93 
PH2-1 PH2-1 

GRAB GRAB 

2WSDJl(FIELD) 

2WSD31 
11119lQ3 

PH2-1 

GRAB 

2WSD32(FIELD) 

2WSD32 

11117/93 
PH2-1 

GRAB 

2WSD33(FIELD) 

2WSD33 
11/20/93 

PH2-1 
GRAB 

4,4’-DDD 26.61 U 25.93 u 24.07 U 34.62 U 47.23 u 36.37 u 32.94 U 

4,1-DDE 26.61 U 25.93 U 24.87 U 34.62 U 47.23 U 36.37 u 32.94 U 

, 4,+-DDT 2661 U 25.93 U 24.07 U 34.62 U 47.23 U 36.37 u 32.94 U 

DIELDRIN 2661 U 25.93 U 24.07 U 34.62 U 47.23 U 36.37 u 32.94 U 



TABLE 7-11 

g 
SUMMARY OF POSITIVE SEDIME 
AREA A WETLAND; NSB-NLON, ( 

i i 

PESTlClDEWPCBs (N/KG) 

NT ANALYTICAL RESULTS 
ROTON, CONNECTICUT 

-; 

59 UJ I 29.5 u 
5.9 UJ I 29.5 u 

13 J 29.5 u 

59 UJ ! 
3 UJ 

3 UJ 

3 UJ I 
30 UJ 

2WSDX$FIELD) 

2WSD35 
llmvQ3 
PH2-I 
GRAB 

37.63 u 29.01 u 6.9 u 29.7 u 

37.63 u 29.01 u 6.9 u 29.7 u 

37.63 U 29.01 u 6.9 u 29.7 u 

3.5 u 

35 u -.- - 
3.5 u 

3.5 u 

37.63 U 29.01 u 6.9 U 29.7 u 

6.9 u 
-. 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WSD39 2WSD39(FIELD) ZWSD41(FIELD) 2WSD42 

LOCATION: 2WSD39 2WSD39 2WSD41 2WSD42 
SAMPLE DATE: lll2olQ3 11 l2W93 11l2ol93 11/17/93 

INVESTIGATION: PHZ-1 PH2-1 PH2-1 PHZ-1 

SAMPLE TYPE: GRAB GRAB GRAB GRAB 
I 

DIELDRIN 73 u 30.6 U 7.5 UJ 32.4 U 3.0 u 19.3 u 
ENDOSULFAN II 73 u 7.5 UJ 3.0 u 

ENDOSULFAN SULFATE 73 u 7.5 UJ 3.0 u 

ENDOSULFAN-I 3.8 U 3.9 UJ 2u 
ENDRIN 73 u 7.5 UJ 3.8 u 
ENDRIN ALDEHYDE 73 u 7.5 UJ 3.8 U 
ENDRIN KETONE 73 u 7.5 UJ 3.8 u 
GAMMA-BHC (LINDANE) 3.6 u 3.9 UJ 2u 
GAMMA-CHLORDANE 3.8 U 3.9 UJ 2u 
HEPTACHLOR 3.6 u 3.9 UJ 2u 
HEPTACHLOR EPOXIDE 3.8 U 3.9 UJ 2u 

METHOX-YCHLOR 3SU , 39 UJ MU 

MISCELLANEOUS PARAMETERS (MGIKG) 

1 TOTAL ORGANIC CARBON (MGIKG) 1 14ooo I I I I I I I 



TABLE 7-11 

2 0-l 

? 
0 
;s * 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WSD42(FIELD) 

LOCATION: 2WSD42 
SAMPLE DATE: 11117l93 

INVESTIGATION: PHZ-1 

SAMPLE TYPE: GRAB 

11-A 

Tl-A 
11126t94 

FFS 

GRAB 
I I I I I I I I I 

VOLATILES (UGIKG) 

2-BUTANONE I I 12 u I 11 u I 14 u I 21 u I 520 I 420 

ACETONE 12 u 11 u 25 U 67 U 49 u 65 u 

CARBON DISULFIDE 12 u 11 u 14 u 12 J 16 U 15 u , 
CHLOROBENZENE 12 u 11 u 14 u 22U 16 U 25 

METHYLENE CHLORIDE 12 u 12 u 14 u 32 U 16 U 19 u 

TETRACHLOROETHENE 12 u 11 u 14 u 22U 16 U 15 UJ 

TOI UFNF 12 u 11 u 3J 22U 5J 2J 

TRICHLOROETHENE I I 12 u I 11 u I 14 u I 22U I 16 U I 15 u 

XYLENES, TOTAL 12 u 11 u 14 u 22 UJ 16 U 15 UJ I 
SEMIVOLATILES NGlKGI 

1 AlJlCHI ORORFN7FNF I I 410 u I 36OU I 470 u I 730 u I 520 u I 460U I 
2,bDIMETHYLPHENOL 

! ! 
410 u 

! 
380 UJ 

! 
470 u 

! 
730 u 

! 
520 u 1’ 460UJ 

. 1 
1 2-METHYLNAPHTHALENE 410 u 380 UJ 40J 730 u 520 u 

RFN7nlC l-4 I\PFRYI FNF I 50J I 160 J I 2QOJ I 730 u I 230 J I 630 J I 

1 CHRYSENE I I 65 J 220J 360J 110 J 340J 760 J 

IU 380 UJ 62 J 730 u 520 u 

FLUORANTHENE I I 110 J 240 J 490 100 J 490 J I IOOOJ 

FLUORENE 410 u 380 UJ B3J 730 u 37 J 95J I 
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TABLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 

LOCATION: 
SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

\TILES (UG/KG) 
7 2.rrt\DVDENE 

2WSD42(FIELD) 11-A Tl-B TWA TlO-B T2-A DUP-03 

2WSD42 Tl-A Tl-B TlO-A TlO-B T2-A T2-A 
11117m 11128tQ4 11 RBlQ4 11txllQ4 11i3olQ4 11128lQ4 11l26l94 
PH2-1 FFS FFS FFS FFS FFS FFS 

GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

I I 41 J I IA0 J I 26oJ I &3J I 7lmJ I 5so J I INDENO(l,+uuu,r 8 ,..m,.cw . . - . .- - --- - -- - --- - --- - 

NAPHTHALENE 410 u 380 UJ 73 J 730 u 520 u 480 UJ 

, PENTACHLOROPHENOL loo0 u 240 J 1100 u 1Boo u 1200u 1200u 

PHENANTHRENE 43J 190 J 280 J 79 J 2605 920 J 

1 PYRENE 
PESTICIDE WPCBs (UG/KG) 

I I Q6J I 470 I 720 I 320 J I 560J I 2OCQJ I 

I 19Sl LI I QJ I 12 R I l!xIJ I 35 J I 650 J I 7SCl J 1 4,4’-DDD .-.-. - - - I .- . I .-- - -- - --- - --- - 

4,4-DDE 1951 U 4.1 u 3.8 U 23J 7.4 J 3OJ 13 J 

4,+-DDT 1951 U 15 R 45 85 J 7.3 UR 44 60J 

ALDRIN 2.1 u 2u 2.4 UJ 3.6 UJ 2.7 U 2.5 U 

ALPHA-CHLORDANE 48 J 2.9 J 5.5 J 3.8 U 2.7 U 2.5 u 

AROCLOR-1260 150 J 180 47 u 73 u 52 u 49U BETA-BHC 2.1 u 2u 2.4 UJ 3.8 UJ 2.7 U 2.5 U I 
nca to-ctur 
YLL I rl-“, 1” 

I 
1 

I 
I 

21 u 

-.. - 

I 
I 

2u 

- 

- I 
1 

2.4 U 

-.. - 

I I 3.8 U I I 2.7 U I 2.5 u I 
n,c, nc),)r, YILLUlXll. I 1as1 .“.S. II - I Al 1.. II - I 18 -.- II - I 47 . . . II - I 73 ..- II - I 57 -.- 11 - I 49 ..- II - 1 
ENDOSULFAN II 4.1 u 3.8 U 4.7 u 7.3 u 31 J 4.9 UJ 

ENDOSULFAN SULFATE: 4.1 u 3.6 u 4.7 u 7.3 u 5.2 U 4.9 U 

I I 2.4 J ! 2.1 J ! 4.0 J 1 3.6 u 1 2.7 U ! 2.5 U 
I ENDOSULFAN-I 

ENDRIN I I 4.1 u I 3.6 u I 4.7 u I 7.3 u I 5.2 U I 4.9 U 

E.,DRIN Al nC”VnE il. “LYLl I I YL I 1 
41 u . . - I 56 J -.- - I 47 u - 1 7.3 u ..- - I 16 J .- _ I 4.9 UJ .._ -_ I 

I.1 “CTntr,r ENDRIm RC I v,vc I t I Al II . . . - I RA II -.- - I A7 II . . . . I I 73 II ..- - I 57 II -.- - I 49 II ..- - I 

GAMMA-BHC (LINDANE) 2.1 u 2u 2.4 UJ 3.8 UJ 2.7 U 2.5 U 

GAMMA-CHLORDANE 5.7 J 3.7 J 4.5 J 3.6 u 4.8 J 2.5 UJ 

HEPTACHLOR 2.8 J 2u 2.4 U 3.8 u 2.7 U 2.5 U 

1 HEPTACHLOR EPOXIDE I I 3.7 J ! 4.5 ! 2.4 U I 3.8 U 

1 I I I I I 
! 2.7 U 2.5 U 

METHOXYCHLOR 21 u 20U 24 UJ 38 UJ I 
1 

27 U I 25 U L 
INl-tPCANIT)I IMlWUC\ .,..P,.--m..-w \m..-,*..e, 

Al 1 I.“IkI, 1.” I\L”,“,II.“I”I I I 3530 ---- I 4260 .- .- I 67oll -.-- I 12fKlcl .---- I 4470 I 4700 I 
ANTIMONY 0.48 J 0.48 UJ 0.56 u 0.81 U 0.72 J 0.62 UJ 

ARSENIC 1.9 1.6 3.4 9.1 2.5 2.5 

BPD” I.1 279 33.9 57.0 42.9 46.7 58.5 

BE ,I,,“,., I 1 

_. .- 
I I I I 

iRYLLlUM I I 0.23 I 0.24 I 0.24 J I 0.62 I 0.48 I 0.7 I 



TARLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

Tl-B 

Tl-B 
11128194 

FFS 

GRAB 

T2-A 

T2-A 
1 ll28194 

FFS 

GRAB 

DUPa3 

T2-A 
llml94 

FFS 

GRAB 

INORGANICS (MGIKG) 

. . 

1 IFAn I I 23 9 I 28.7 I 71.3 I 16.1 I 123 I 142 I 

VANADIUM I I 17.2 J I 13.2 J I 38.7 I 39.1 I 161 J I 163 J 

ZINC 63.6 J 100 J I 133 J 66.5 J 225 J 376 J 

MISCELLANEOUS PARAMETERS (MGIKG) 

TOTAL ORGANIC CARBON (MGIKG) 1 I 32100 I 245oD I 52400 I 68300 I I 47500 I 

c,, c II t 
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TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS - 

? 
0 

64 

AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

~ 

T3-B 

T3-B 
llI2Bt94 

FFS 

GRAB 

11 

) 
VOLAllLtS (UWKUJ 

I 33 u I 12 u I 15 u I 12 u I 12 u I 17 u I 12 u I 

[ TRICHLOROETHENE I 17 u 12 u 15 u 12 u 12 u 14 u 12 u I 

XYLENES, TOTAL I 17 u I 12 u I 15 u I 12 u I 12 u I 14 u 12 u I 
SEMIVOLATILES (UGIKG) 

1 ,CDICHLOROBENZENE I 550 u I 390 u I 5OOU I 3BOU I 400U I 4BOU I 3BOU 

1” nl.Mrr”“I DUCNA, Tsll II 390 IJ !iOOU 38OU 400U 4BOU 3aou I L,-r”II”,L I I I1 LI I ILI.“L I --- - I --- - I -__ - I _.- - I 1 I 
-I .ICT”“I .ll”“T”Al ClilC I w=.n II I 5s I I !%xl II I xul II I 4m II I A80 II I 380 u I L-ME I ” 1 Ll’lrnl-n I “?lLLI.L “- Y “- ” --- - --- - .-- - .-- - --- - 

QMETHYLPHENOL 550 u 390 u 5OOU 3BOU 400U 4BOU 3BOU 

ACENAPHTHENE 550 u 5BJ 5OOU 3BOU 4oolJ 220J 3BOU 

ACENAPHTHYLENE 550 u 390 70 J 3BOU 400U 34J 3BOU 

ANTHRAC :ENE I 5BJ I 450 9OJ 45J 400U 43J 3BOU 

BENZ0 A\ANT”RAPENC I 1 
! ! 1 ! ! I 

7fil-l .I 3000 1 480J t im J I 77 J I 180 J I 25 J I 
, (rv. I I II\rTYLI.L 1 

--- - 
I I L I I I 

Lc3”PCkIC wu-l I I wil-nl I 48OJ I 130 J I 74 J I 220 J I 3OJ I BENZ0 Ajr 1 T\CI’IL I “1” ” 1 ---- I .-- - I .-- - I . . - I I 

BENZO(B)FLUORANTHENE I 550 u I 390 u I 420 J I 130 J I 85J 1 210 J ! 445 I 
BENZO(G,H,I)PERYLE 

1 BENZO(y t, I InRANTUENE 

.NE 240 J 1100 3m J 100 J BBJ 2305 27 J 

,’ C”“l\“l. I I ILI.L 44OJ 3700 510 130 J 75 J 270 J 380U 

nm,n 7AM II 7lYlll II 76rNl II 1Flno II 7lxxl II 2400 u Moo 11 BENZOIC numv 

BlS(2-ETHYLHEXYL)PHTHALATE 

BUl-YL BENZYL PHTHAIATE 
CARBAZOLE 

CHRYSENE 

III-N-RUl-YL PHTHALATE 

a.““” I --“” - ---- - .--- - ---- - _._- - I ---- _ 

550 u 4OOU 5OOU 38OU 400U 48ou 3BOU 

55OU 390 u 61 J 21 J 4UBlJ 4BOU 3BOU 

550 u 57 J 32 J 25 J 4OOU 130 J 3BOU 

350 J 3700 590 150 J 90J 260 J 3BJ 

ssn II 390 u 63 J 265 23J 44J 26J 
I 1-- - I --- - I I I I i 

I a7 I ROn II I 170 J I .180 II I 4ClOU I 480U I 38OU i BENZO(A,H)ANTHRACENE I “, ” I --.. I I ..- - I --- - i .-- - I .-- - I --- - 

nlRFN7nFI IRAN I SiOU I 35 J I 5OOU I 3BOU I 4OOU I 72 J I 3BOU 1 
“,“L-,.b-. 1..,.,. I I 

FLUORANTHENE I 45oJ I 4200 I 690 I 2605 I 180 J ! 520 1 5BJ I 
FLUORENE I 550 u I 160 J I 3BJ I 21 J I &IOU I 29J I 38OU I 



TARLE 7-11 

5 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

e 
CY 

SAMPLE NUMBER: 

LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

12 El T3-A T&B T6A T6B T5.A T5B 

T2-B T3-A T3-B T4-A T4B TS-A T5B 

11 t2m4 11128194 11128i94 lll2QiQ4 11l2Qi94 11/2QtQ4 11l2QlQ4 

FFS FFS FFS FFS FFS FFS FFS 

GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
I 

SEMIVOLATILES (UG/KG) 

INDENO(1,2,3XD)PYRENE 

NAPHTHALENE 

, PENTACHLOROPHENOL 

I 2OOJ loo0 I 3WJ I 92 J I 67 J I 180 J I 22J 
550 u !%J SOOU 380U 400U 76 J 380U 

1300 u 
I I I 

950 U ! 12cQ u ! 930 U ! Q6OU ! 1200 u ! 930 U 

7 PHENANTHRENE I 230J I 1800 I 320 J I 1Bo J I 93 J I 240 J I 22J 

PYRENE 620 4600 910 220 J 150 J 440J 46J I 
PESTlClDEWPCBs (UGIKG) 
4,4’-DDD 210 J 390 1400 3.8 u 4.5 J 1300 3.8 u 

4,4’-DDE 19 J 260 330 3.8 u 4u 57 J 3.8 u 

4,4’-DDT 88J 890 2900 3.8 u 4u 300 4.4 J 

ALDRIN 28 u MU 26U 2u 2u 3.2 J 2u 

ALPHA-CHLORDANE 76 44 J 12 J 2u 2u 13 2u 

AROCLOR-1260 55 u 390 u SOOU 38U 4OU 240u 38u 
, 

BETA-BHC I 28 u I 20U I 26U I 2 UJ I 2 UJ 2.7 J 2 UJ 

DELTA-BHC 28 u MU 26U 2u 2u 4.2 J 2u 

4u 8.4 J 3.8 u DIELDRIN I 55 u I 39 U I 5OU I 3.8 u 

FNl-lCX-Xll FAN II 69 J 39 U 5OU 3.8 U I 4u I 24 U I 3.8 U -..-----. . .._ . . I 

METHOXYCHLOR I 28 U I 200U I 260U I 20U I 20U I 385 I 20U I 



TABLE 7-11 

x 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

F SAMPLE NUMBER: TZ-B T3A T3-B T4-A T6B T5A 
s 

T5-B 

LOCATION: TZ-B T3-A T3-B T4-A T4-B T5-A T5-B 

SAMPLE DATE: 1 l/28/94 11120fQ4 11128lQ4 11 mm4 ll12QlQ4 lll2QlQ4 1 lnQfQ4 

INVESTIGATION: FFS FFS FFS FFS FFS FFS FFS 

SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB GRAB GRAB 
I I 1 I 1 I 

INORGANICS (MO/KG) 

IRON IRON 12500 12500 9390 9390 0020 0020 58m 58m 5630 5630 10600 10600 5660 5660 

LEAD LEAD 420 420 32 1 32 1 61.5 61.5 26.5 26.5 32.4 32.4 40.6 40.6 16.2 16.2 

MAGNESIUM MAGNESIUM 2660 2660 1650 1650 2200 2200 1770 1770 1570 1570 2200 2200 1820 1820 

MANGANESE MANGANESE 132 132 310 310 99.0 99.0 90.1 90.1 55.3 55.3 101 101 89.3 89.3 

MFRr?l IRY MFRr?l IRY I I 032 J 032 J 0.15 J 0.15 J 0.19 J 0.19 J 0.12 UR 0.12 UR 0.12 UR 0.12 UR 0.15 UR 0.15 UR 0.12 UR 0.12 UR 
I..b..V.s.. . 

NICKEL 17.0 J 86 J 18.9 J 6.7 J 10.3 J 13.8 J 8.5 J 

POTASSIUM 1890 813 llciil 1120 926 1290 659 

SELENIUM 077 UJ 067 UJ 0.73 UJ 0.59 UJ 0.59 UJ 0.75 UJ 0.58 UJ 

SILVER 0.15 u 0.13 u 0.15 u 0.12 u 0.12 u 0.15 u 0.12 u 

SODIUM 516 285 1050 250 462 2480 388 

VANADIUM 66.4 J 17.0 J 18.5 J 12.8 J 11.2 J 37.4 J 8.9 J 

ZINC 95.4 J 87.4 J 284 J 39.2 J 45.1 J 68.2 J 35.0 J 

MISCELLANEOUS PARAMETERS (MGIKG) 

TOTAL ORGANIC CARBON (MGIKG) 1 63400 I 31100 I 33500 I 9960 I 8420 I 16900 I 9410 1 



TARLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

$ 
G 

SAMPLE NUMBER. 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

VOLATILES (UC/KG) 

2-BUTANONE 

T6 A 

T6-A 
lll2QiQ4 

FFS 

GRAB 

1 19 UJ 

DUP.5 

T6-A 
11 i2Qf94 

FFS 
GRAB 

I 19 U 

T6-B T7-A 

T6-B T7-A 

lll2QrQ4 11t2QtQ4 
FFS FFS 
GRAB GRAB 

I 21 u I 37 u 

T7-B TEA T&B 

T7-B TSA T6-B 
llciQlQ4 11/30/94 11l3ol94 
FFS FFS FFS 

GRAB GRAB GRAB 

I 120 UR I 27 U I 1400 1 
1 ACETONE ! 19 U ! 19 U I 4OU I 76 U I 260 UR I 67 U I 110 u I 

, CARBON DISULFIDE 19 UJ 19 U 24 U 19 U 67 UR 21 u 22U 

CHLOROBENZENE 19 UJ 19 UJ 3J 19 U 14 J 21 u 22 u 

METHYLENE CHLORIDE 62 U 61 U 74 u 3BU 210 UR 21 u 42 U 

TETRACHLOROETHENE 19 UJ 19 UJ 24 UJ 19 U 67 UR 21 u 22 u 

TOLUENE 3J 35 24 UJ 5J 67 UR 21 u 6J 

TRICHLOROETHENE 19 UJ 19 U 24 U 19 U 67 UR 21 u 22 u 

XYLENES, TOTAL 19 UJ 19 UJ 3J 19 U 67 UR 21 u 22 UJ 
SEMIVOIATILES (UGIKG) 

DIBENZOFURAN 620 U I 630 UJ 6BJ 55 J 260 J 40J 730 u 

FLUORANTHENE 5ooJ 330 J 200J 650 56OJ 520 J 310 J 

FLUORENE 620 U 1 630 UJ 69 J QOJ 340J 79 J 730 u 



TARLE 7-11 

SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 

LOCATION: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

SEMIVOLATILES (UGIKG) 

INDENO(l ,Z,BCD)PYRENE 

NAPHTHALENE 

I PENTACHLOROPHENOL 

PHENANTHRENE 

PYRENE 
PESTlClDESlPCBs (UG/KG) 

4,4’-DDD 

4,+-DDE 

4,4’-DDT 

T6-A 

16-A 
1112QlQ4 

FFS 

GRAB 

210 J 

620 U 

1500 u 

200J 

470 J 

46R 

10 J 

55 R 

DUP.5 T6B T7A T7-B T&A T&B 

T6-A T&B T7-A T7-B T6A T&B 
11/2Ql94 1112Q1Q4 11 m/Q4 1112QlQ4 11l3olQ4 11mtQ4 

FFS FFS FFS FFS FFS FFS 

GRAB GRAB GRAB GRAB GRAB GRAB 

330 J 22QJ 36OJ 3505 260J 150 J 

630 UJ 800 UJ 620 U 2200 UR 57 J 730 u 

1500 UJ 2000U 1500 u 5300 UR 1700 u 1mu 

220J 140 J 350 J 3ooJ 260J 180 J 

QOOJ 370 J 530 J 450J 1300 630 J 

49 R 410 I 6.2 U 22 UR I 86J I 7.3 UJ 

15 J 38 6.2 U 140 J 19 J 7.3 UJ 

39 R 8U I 6.2 U I 23R I 6.9 UR I 7.3 UJ I 
ALDRIN 32 U 33 u 4.1 u 3.2 U 11 UR 3.5 UJ 3.8 UJ 

ALPHA-CHLORDANE 29 29 15 J 3.2 U 22J 3.5 u 3.8 U 

AROCLOR-1260 1400 1500 530 82 J 550 J 69 u 73u 
1 

BETA-BHC 32 U 3.3 u 4.1 u 3.2 U 11 UR 3.5 UJ 3.8 UJ 

DELTA-BHC 32 U 3.3 u 4.1 u 3.2 U 11 UR 3.5 u 3.8 U 

DIELDRIN 26 23 8U 6.2 U 22 UR 6.9 u 7.3 u 

ENDOSULFAN II 48R 50R 17 R 6.2 U 22 UR 6.9 u 7.3 u 

ENDOSULFAN SULFATE 9.7 R 10 R I 8U 6.2 U 22 UR 6.9 u 7.3 u I 

INORGANICS (MGIKG) 
ALUMINUM 15800 14800 9820 7150 27100 J 14200 19900 

ANTIMONY 0.85 UJ 0.77 UJ 1.1 J 1.2 J 3.1 UR 0.84 u 0.95 u 

ARSENIC 7.2 8.1 4.8 2.5 8.1 J 11.0 14.1 

BARIUM 113 120 94.1 124 318 J 53.4 77.9 

I II IM 13 1.2 1.3 0.28 J 4.1 J 0.86 0.90 



TAR1.E 7-11 

x 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

F r T&B 

T6-B 
11i29i94 

FFS 

GRAB 

TEA 

T&A 
11l3ol94 

FFS 

GRAB 

T&B 

T6-B 
lll3oi94 

FFS 

GRAB 

CYANIDE I 2.0 J I 21 I 1.6 J I 1.1 u I 6.1 J I 1.1 UJ I 1.2 UJ 1 

MISCELLANEOUS PARAMETERS (MGIKG) 

TOTAL ORGANIC CARBON (MGIKG) 1 11200 I 3x00 I I I 63000 I 64100 I 79600 1 



TARLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: T9-A T9.B 

LOCATION: T9-A T9-B 

SAMPLE DATE: lll3oi94 11mx94 

INVESTIGATION: FFS FFS 

SAMPLE TYPE: GRAB GRAB 

VOLATILES (UG/KG) 

2.BUTANONE 34U 59 

ACETONE 90U 21 u 

, CARBON DISULFIDE 17 u 3J 

CHLOROBENZENE 17 UJ 21 u 

METHYLENE CHLORIDE 17 u 21 u 

TETRACHLOROETHENE 17 UJ 21 u 

TRICHLOROETHENE I 17 u I 21 u I I I I I . . 
XYLENES, TOTAL 17 UJ 21 u 
SEMNOIATILES IUG/KGI 

. . 

BENZO(B)FLUORANTHENE 130 J I 240 J 

BENZO(G,H,I)PERYLENE 220J 190 J 

BENZO(K)FLUORANTHENE 140 J 2OOJ 

BENZOIC ACID 3OOOU 3BOOU 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

B SAMPLE NUMBER: T9-A T9.B 

6 LOCATION: T9-A T9-B 
SAMPLE DATE: llaol94 11/30/94 
INVESTIGATION: FFS FFS 
SAMPLE TYPE: GRAB GRAB 

SEMNOLATILES (UGMG) 

INDENO(1,2,3XD)PYRENE 140 J 170 J 

NAPHTHALENE 77J 700 u 

) PENTACHLOROPHENOL 14m u 1700 u 

PHENANTHRENE 160 J 140 J 

PYRENE 4305 690 J 

METHOXYCHLOR 1 ‘29lJJ I 36 UJ I I I I I I 
INORGANICS (b&G/KG) 

ALUMINUM 16100 15100 
z 
rn=El 

ANTIMONY 0.72 U 0.85 u a2 

7 ARSENIC 7.2 10.6 z- u, 
0 

iG 
BARIUM 86.8 47.7 ds 

(0 BERYLLIUM 0.61 0.73 g= 
-4-r 



TABLE 7-11 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

x AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

z SAMPLE NUMBER: T9-A T9-B 

LOCATION: T9-A T9-B 

SAMPLE DATE: lll3Ol94 lll3oisM 

INVESTIGATION: FFS FFS 

SAMPLE NPE: GRAB GRAB 

.__. 

_L.- 

;J --,- 
3 ..I 

POTASSIUM 33OOJ 4410 J .- 

SELENIUM 1.6 J 1.9 J a 

SILVER 0.18 J 021 u 

SODIUM 1930 4960 

VANADIUM 49.0 43.8 

ZINC 132 J 62.6 J 

MISCELLANEOUS PARAMETERS (MGn<G) 

TOTAL ORGANIC CARBON (MGIKG) 1 34700 I 61600 I I I I I I 



TABLE 7-12 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

5 
SAMPLE NUMBER. 2WMW2(0 2) ZWMW3(10.12) 

0 DEPTH (feet): o-2 lo- 12 
LOCATION: 2WMW2S 2WMW3S 
SAMPLE DATE: 08n3m 08t2ll90 
INVESTIGATION: PHl PHl 
SAMPLE TYPE: GRAB GRAB 
STATUS. 

2WMW3S 

08/21/90 
PHI 

GRAB 

iwhlW5(0-2) 2WTBl l(O-2) 

o-2 o-2 
2WMWss 2WMWS.S 
09ov9o 09/04/w 
PHl PHl 

GRAB GRAB 

2vvMW5(10-12) 

lo- 12 

2WMW5S 

09lo4l90 
PHl 

GRAB 

zwMW5(13) 

13 - 13.2 
2WMWSS 
09nMt90 

PHl 

GRAB 

1 ACENAPHTHYLENE 

PHENANTHRENE I 120 J I 360 u I 470 u I 130 J I 160 J I 720 u I 4SOU 

PYRENE 150 J 360 u 8J 320 J I 330 J 120 J 480U 
PESTICIDES~PCBS (UGIKG) 

4,+-DDD 1 ,17u I 18 U I 23 U I 27 U I 27 U I 35 u I 23 U 

AROCLOR-1260 170 u 180 U 230 u 270 u 230U I I U 270 U 350 
INORGANICS IMG/KG\ 

1 ALUMINUM ! 13000 ! 8300 ! 16300 ! 11200 J I 11500 J I 143OOJ I 105OOJ I 
ARSENIC 2.5 2.5 7.6 7.0 J 7.6 J 7.6 J 2.3 J 

BARIUM 53.3 58.4 49.3 45.7 41.3 48.4 31.4 I 

BERYLLIUM 0.55 0.4 0.92 1.2 J 1.3 J 1.9 J 1.2 J 

CADMIUM 6.9 4.1 8.5 4.7 4.9 6.6 2.7 

CALCIUM 1170 J 1630 J 35OOJ 1230 J 1310 J 366OJ 1190 J 



““I “I 
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TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

g AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER. 
DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 
._.--- --.. -- .__--_-. 

2WMW2(0-2) 2wMW3(10-12) 

o-2 10-12 

2WMW2S 2WMW3S 

08ml90 08l21190 
PHl PHI 

GRAB GRAB 

zwMw3(16-18) 

16- 18 

2WMW3S 

08/21/90 
PHl 

GRAB 

2WMW5(0-2) 

o-2 

2WMW5s 

09Mw90 

PHl 
GRAB 

2WTBl l(o-2) 

o-2 

2wMW5s 

09mw9o 
PHl 

GRAB 

2WMW!i(l@l2) 2wMw5(13) 

10-12 13-13.2 

2WMw5s 2wMW5s 
09/04/90 09to4m 

PHl PHl 

GRAB GRAB 

,G) 

CHROMIUM 20.5 J 15.9 J 37.9 J 57.1 65.2 56.5 22.7 I 



TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE DATE: 
INVESTIGATION: 

PESTlClDESlPCBs (UG/KG) 

AROCLOR-1260 
3 
ma 

a2 
=r,- 
‘5 

8= 
-Jd 

? 
0 

M 



TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WMW5(4 6) 2WMW6(2-4) 

DEPTH (feet): 4-6 2-4 

LOCATION: 2WMW5S 2wMW6S 

SAMPLE DATE: OQnwQu 1 o/o3lQO 

INVESTIGATION: PHl PHl 

SAMPLE TYPE: GRAB GRAB 

STATUS: 

ZWTBl(lO-12) 

10-12 

2WTBl 

09Km9o 

PHl 

GRAB 

2WTBl(1517) 2WTBl(%?2) ZWTBl(Bl0) 2WTB2(0-2) 

15- 17 20-22 B-10 o-2 

2WTBl 2WTBl 2WTBl 2WTB2 

09/o!5lw 09/omo 09/o5m 

PHl PHl PHl PHl 

GRAB GRAB GRAB GRAB 

INORGANICS (MGlKG) 
t-UDn\LIII 111 I 346 I 510 J I 39.0 I 36.6 I 38.9 I 41.0 I 41.2 I U”tl”I”II”I”I ! - ..- 1 -..- _ I I I I 

COBALT I 9.4 ! 7.0 J ! 10.6 I 10.0 ! 6.6 ! 10.9 ! 11.1 I 
COPPER 15.7 31.1 J 19.5 J 17.0 J 22.0 J 18.3 J 20.2 

IRON 21600 28oooJ 26100 24500 21400 27200 

LEAD 120 298 13.6 J 14.7 J 18.3 J 13.2 J 11.2 J 
1 

MAGNESIUM 7370 5070 7380 7470 6600 7740 7230 

MANGANESE 287 176 J 305J 286 J 241 J 312 J 306 

MERCURY 015 u 041 J 022 u 0.18 u 0.16 U 0.18 u 

NICKEL 21 0 161 J 198 19.9 10.3 22.1 25.9 

I860 3340 4050 3530 POTASSIUM I 3360 I 3010 I 3830 i 3 

cc, CM,, 114 nE!T II 07 J 0.75 u 0.78 I 0.83 I 0.86 I 0.71 u 
bJLLL,.I”I”I - -- - 

SILVER 26 U 24 UR 3.1 u 2.6 u 2.6 u 2.6 u 2.6 u 

SODIUM 4470 J 169 J 4410 7380 7530 4750 204OJ 

VANADIUM 50.1 J 42.4 37.6 J 36.7 J 33.3 J 39.9 J 57.9 J 

ZINC 60.6 J 59.7 J 70.3 J 61.6 J 62.1 J 71.0 J 75.5 J 



TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 09fXWWTB9(4-6) 2WTB2(10-12) 

DEPTH (feet): o-2 lo- 12 
LOCATION: 2WTB2 2WTB2 
SAMPLE DATE: 09/06lQo oQm6Elo 
INVESTIGATION: PHl PHI 
SAMPLE NPE: GRAB GRAB 

STATUS: 

2WTB2(1517) 2WTB2(20-22) 

15- 17 20-22 
2WTB2 2WTB2 

09m6l9o 09/06/90 

PHl PHl 

GRAB GRAB 

2WTB2(4-6) 

4-6 
2WTB2 

09Km9o 
PHl 

GRAB 

2WTf33(10-12) ZWTB3(1517) 

10-12 15-17 
2WTB3 2WTB3 
08/31/90 O6l3ll9O 

PHl PHl 

GRAB GRAB 

VOIATILES (UGIKG) 

1 ,l-DICHLOROETHENE 9u 9u 9u 10 u 9u 9u 9u 

2-BUTANONE 18 U 16 J 10 J 20J 19 u 17 J 12 J 

ACETONE 18 u 71 17 u 98 89 350 47 u 

BENZENE 9u 9u 9u 10 u 9u QU 9u 

CARBON DISULFIDE 9u 32 4J 33 42 15 16 

METHYLENE CHLORIDE 9u 9u QU 10 u 9u 9u 9u 

TETRACHLOROETHENE 9u 9u 9u 10 u 9u 9u QU 

TRICHLOROETHENE 9u QU 9u 10 u 9u QU a II 
SEMIVOLATILES WGlKGl 

ANTHRACENE I 590 u 

, BENZO(A)ANTHRACENE 
I 
I 590 u 

! 660U 

I 
! 570 u I 560U ! 590 u ! 570 u 580U 

660 U I 83J I 6445 I 590 u I 170 J 580U 

BENZO(A)PYRENE 590u 66OU 570 u 560U 590 u 160 J 580U 

660 U 89 J 80J 590 u 130 J 

3200 u 2800 u 2700 U 29WU 2800 u 

130 J 130 J 1700 590U 280 J 

660U 81 J 62 J 590 u 220 J 

660 U 110 J 72 J 590 u 170 J 

PHENANTHRENE I 59G u I 660U I 69 J I 560U I 590 u I 120 J I 580U 

PYRENE 590 u 660 U I 130 J S4J 70 J 370 J 99J 
PESTlClDESlPCBs (UGIKG) 

I 

4,C-DDD I .au I 29U I 28 u I 27 U I 3OU I 28 U I 28 u 

AROCLOR-1260 I 290 UJ 290U 280 u 270 U 3OOU 280 u 260 u 
INORGANICS (MG/KG) 

I 
1 ALUMINUM ! 145OOJ 1 14100 J ! 11800 J 1 11800 J I 138WJ 1 206OOJ I 168WJ I 

ARSENIC 8.1 J 1.1 u 6.6 J 6.3 J 7.1 J 3.9 J 6.3 J 

BARIUM 47.7 44.1 40.4 37.7 43.3 44.7 50.9 

BERYLLIUM 1.7 J 1.9 J 1.6 J 1.6 J 1.9 J 1.5 J 1.7 J 

CADMIUM 7.2 6.4 5.5 5.5 6.5 6.1 J 6.6 J 

CALCIUM 369OJ 5090 5660 4900 4620 3620 5050 



TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
a” AREA A WETLAND: NSB-NLON: GROTON. CONNECTICUT _ _.__~. ~~- ~ ~~~ 

SAMPLE NUMBER: 09XWWTB9(4-6) 2WlBZ(lO-12) 2WlB2(1517) 2w182(20-22) Zh’TB2(4-6) 2w1B3(10-i2) 2WTB3(1517) 

DEPTH (feet): o-2 10-12 15-17 M-22 4-6 10-12 15-17 

LOCATION: 2WTB2 2WTB2 2WTB2 2WTB2 2WTB2 2WTB3 2WTB3 

SAMPLE DATE: 09m/90 09/06/90 o9ml9o 09/08/90 09/m&u 08l31/90 08mm 

INVESTIGATION: PHl PI-l1 PHI PHl PHl PHl PHl 

SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

STATUS: 

,lv”n”#w”l~3 ,murnu, 

CHROMIUM I 39.9 I 39.3 I 39.5 I 36.7 I 40.9 I 59.5 I 43.0 

COBALT 10.8 10.8 9.6 8.7 10.4 9.4 10.5 

I 17.1 I 15.8 I 20.9 I 17.7 I 19.1 I 36.8 I 21.1 I 
‘5800 ! 22300 I 21700 I 24500 I 21000 I 24400 

I 

7620 8580 

MANGANESE I 376 I 343 I 282 I 283 I 327 I 262 333 
MERCURY 017 u 018 U 0.16 U 0.15 u 0.15 u 0.23 J 0.17 u 

* 
1 NICKFI I 268 I 25.2 I 21.6 I 21.5 I 26.0 I 24.3 I 26.3 I “1 

I? 



TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
a” AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 

DEPTH (feel): 

LOCATION: 

SAMPLE DATE. 
INVESTIGATION. 

SAMPLE TYPE: 

STATUS: 

2wle3(m22) 

20 - 22 

2WTB3 

08/31/90 
PHI 

GRAB 

4-6 4-6 

2WTB3 2WTB3 

08/31/9U 08/31/90 
PHl PHl 
GRAB GRAB 

o-2 

2WTB4 

09/o6m 
PHI 

GRAB 

o-2 

2WTB6 

w/06/90 
PHl 

GRAB 

IS-17 

2WTB6 

09lo6l90 
PHl 

GRAB 

2wTB6(20-22) 

M-22 

2WTB6 
09lo6l90 

PHl 

GRAB 

, 
VOIATILES (UGIKG) 

l,l-DICHLOROETHENE 8U 9u 9u 8U 11 u 10 u 9 UJ 

2-BUTANONE 17 u 20 18 U 16 U 87 13 J 18 UJ 

ACETONE 18 U loo u 34U 16 U 540 50 63 J 

2WTB3(4-6) ~@3319X!WTB9(4-6) I2WlB4(0-2) I2wrE%(o-2) ~2WTffi(l517) 

1 PYRENE I 190 J 250 J I 440J I 4605 I 270 J I 180 J 84 J 

PESTlClDESlPCBs (UGIKG) 

4,4’-DDD I 28 U I 30U I 28 U I 26 UJ I 69J I 27 U I 29U 

AROCLOR-1260 280 u 300U 280 u 260 UJ 350 UJ 270 U 290U 

INORGANICS (MGIKG) 

ALUMINUM 12500 J 16600J 148OOJ 15300 J 16600J 12OOOJ 105WJ 

ARSENIC 11.5 J 10.3 J 11.7 J 8.7 8.4 7.1 J 6.7 J 

BARIUM 39.3 47.9 46.5 81.3 60.7 41.5 37.3 

BERYLLIUM 1.5 J 1.8 J 1.7 J 0.3 u 0.73 J 1.7 J 1.6 J 

CADMIUM 5.4 J 6.5 J 11.5 J 0.29 u 1.9 J 5.9 5.0 

CALCIUM 6790 4550 4020 1250 1660 4820 6380 
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TABLE 7-12 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

$ r SAMPLE NUMBER: 
DEPTH (feet): 

LOCATION: 
SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 
_-.----_..-- .“.-“a^. 

2wTB3(M-22) 

20 - 22 

2WTB3 
08131I90 

PHl 

GRAB 

2wTB3(66) 

4-6 

2WTB3 
08131/90 

PHl 
GRAB 

083190~2WTB9(4-6) 2WTB4(@2) 2WTB6(0-2) 2WTB6(1517) 2WTB6(20-22) 

4-8 o-2 o-2 15-17 20-22 

2WTB3 2WTB4 2WTB6 2WTB6 2WTB6 
08/31/90 09m6/9o 091o8m 09/06/90 09m6m 

PHl PHl PHl PHl PHl 

GRAB GRAB GRAB GRAB GRAB 

“I 

CHROMIUM ! 40.1 j 60.6 ! 70.0 ! 89.0 I 101 I 44.9 I 37.8 85 9.4 6.8 9.0 I 1 COBALT ! 8.8 ! 10.0 I 9.5 I 
COPPER ! 29.9 ! 39.9 47.2 47.6 J 64.1 J 25.9 21.2 

24600 22600 27100 21600 

LEAD 17.2 J 15.3 J 46.0 J 128 J 44.0 J 22.5 16.6 

MAGNESIUM 7470 8520 7820 6130 6540 7860 7550 

MANGANESE 264 316 281 188 J 202 J 276 271 
r --. ““” “-” . “__ . . ^_^ . . 

1 MERCURY I 015 u I 1.1 I 024 J I U.6Y J I 0.23 u I 0.11 # I U.lti u 
-- - -” - “” - I 

1 SILVER I 2.7 U I 3.0 u 

SODIUM 

VANADIUM 

32 1 I 286 24.2 16.7 20.2 22.6 20.7 

3320 J 3650J 3540J 4320 3680 3590 3320 

067 U ! 0.74 u 0.72 U 1.2 1.5 0.79 0.74 

2.9 u 2.4 U 3.2 U 3.7 2.6 U 

9210 I 8920 9590 232 J 1570 J 9010 J 8810 J 

46.3 J 56.8 J 53.4 J 50.5 J 52.0 J 51.7 J 49.4 J 

‘4.9 J 89.6 J 61.5 J 1 ZINC I 66.8 J I 95.9 J I 109 J I 60.8 J I 1 

. 



TABLE 7-12 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

8 
SAMPLE NUMBER: ?WTB6(4-6) 2WTB7(0-2) 2WTB7(25-27) 

0’ DEPTH (feet): 4-6 o-2 o-2 
LOCATION: 2WTB6 2WTB7 2WTB7 
SAMPLE DATE: 09/06/90 09/05M 09m5m 
INVESTIGATION: PHl PH1 PHl 
SAMPLE TYPE: GRAB GRAB GRAB 
STATUS: 

VOlATlLES (UGIKG) 

GRAB 

2WTBQl-3) 

1-3 
2WTB8 

08mmJ 
PHl 
GRAB 

2WTB8(10-12) 

10” 12 
2WTB8 
08/30/90 
PHl 

GRAB 

l,l-DICHLOROETHENE 9u 9u 8U 9u 5u 10 u 10 u 
I 

TRICHLOROETHENE I 9u I 9u I 8U I 9u I 5u I 10 u I 10 u 
SEMNOLATILES (UGIKG) 

1 PYRENE I 60J I 98 J I 530U I 600U I 140 J I 570 J I 160 J 1 
PESTICIDES/PC&z lUG/KGl 

4,4’-DOD 1 30 UJ 30U 26 U 29U 28 U 33U I I I I I I 31 u 

AROCLOR-1260 I 300 UJ 300U 260U 290U 280 u 330 u 310 u 
INORGANICS lMG/KGl 
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TABLE 7-12 

SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

z 
AREA A WETLAND: NSB-NLON: GROTON. CONNECTICUT 

F r 
6 

i 

__._____. __-.- .._- ,_--_ ..--.~, 

SAMPLE NUMBER: 2WTB6(66) 2WTB7(0-2) 2WTB7(2527) 2WTB7(1012) 2WTB7(4-6) 2WTB8(1-3) 2WTBtl(lO-12) 

DEPTH (feet): 4-6 o-2 o-2 10-12 4-6 l-3 IO-12 

LOCATION: 2wTB6 2WTB7 2WTB7 2WTB7 2WTB7 2WTB8 2wTB8 

SAMPLE DATE: w/08/90 w/05/90 09KKl90 09/05/9cl 08mi90 

INVESTIGATION: PHI PHl PHl PHI PHl PHI PHl 

SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

STATUS: 
I.IMt?ALI,PC IUP-NP-\ 
,,.“n”ru.IYY \I.m”rr\“, 

CHROMIUM 37.7 72.7 41 .o 35.3 43.7 102 39.7 

COBALT 10.5 7.6 12.7 9.0 9.0 9.2 8.7 U 

COPPER 16.7 J 35.4 39.1 15.4 24.0 55.0 10.2 

IRON 24600 20200 23100 23600 21900 27900 8200 

LEAD 15.7 J 49.5 J 12.7 J 13.3 21.3 83.7 16.0 J 

MAGNESIUM 7210 6580 6950 7750 7690 7840 3400J 

MANGANESE 288 J 189 265 310 267 233 142 

MERCURY 019 u 038 0.21 0.18 U 0.17 u 0.67 J 0.17 u 

NICKEL 200 168 26.2 21.2 21 .o 26.9 13.7 

POTASSIUM 3730 2680 3520 3470 3390 404OJ 4 2120 J 

SELENIUM 0 75 0.79 u 0.78 U 0.71 u 0.69 u 0.93 J 0.72 J 

SILVER 30 u 3.0 u 3.0 u 2.9 u 2.7 U 4.5 2.7 U 

SODIUM 6240 1310 J 1430J 4920 J 565OJ 3150 238OJ 

VANADIUM 360 J 56.9 J 60.6 J 54.0 J 53.0 J 75.0 J 41.8 J 

ZINC 64.8 J 59.5 J 79.8 J 61.7 J 66.2 J 62.9 J 44.8 J 



TABLE 7-12 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 

F AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

F r 
0 

I 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 

VOIATILES (UC/KG) 
. -.-... -----..-..- 

2wTB8(6-8) 

6-6 

2wTB6 

06l3ol90 II II II II II II 

Ptil 

GRAB 

I ^ . . I I I I I I I 
1 ,l -DICHLOROtTHtNt YU 

2-BUTANONE 19 u 

ACETONE 50 

CARBON DISULFIDE 15 

METHYLENE CHLORIDE 9u 

TETRACHLOROETHENE 9u 

1 TRICHLOROETHENE I 9u I I I I I I 

“7 

g .._ 

PESTlClDESiPCBs (UGIKG) 

1 AROCLOR-1260 I 300U I I I I I I 
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TABLE 7-12 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
AREA A WETLAND; NSB-NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 

DEPTH (feet): 

LOCATION: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

STATUS: 
..-- .__--_-. 

.cW I Btl(b-U) 

6-6 

2WTB6 

PHl 

GRAB 

II II II II II 

, 



5 
TABLE 7-13 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 

F 
AREA A WETLAND; NSB-NLON. GROTON. CONNECTICUT 

r 
cl SAMPLE NUMBER: 1 avMW2(52) 1 zwMW3(10-12) 1 rnMW3(16-18) I2wMW5(c-2) j2WTBll(0-2) ~2wMW5(10-12) I2wMW5(13) 

L STATUS: 
I I 

I 
TCLP PESTICIDES (MO/L) 

I I I 4 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SAMPLE TYPE: 

PHI 

2wMw2s 

GRAB 

PHI PHI PHI PHI PHI PHl 
08/21/90 08/21/90 o9io4m 09/04/w 09lo4Ml 09lo4w 
2WMw3S 2wMw3s 2wMw5s 2WMW5S 2wMw5s 2WMiiVSS 
GRAB GRAB GRAB GRAB GRAB GRAB 

CHLORDANE (O.O3/NA) 0.0020 u o.w20 u 0.0020 u o.wxl u 0.w30 u 0.0020 u 0.0020 u 

ENDRIN (O.O2/NA) o.WO2 u 0.0002 u 0.0002 u 0.0002 u o.ooo3 u 0.0002 u 0.0002 u 

GAMMA-BHC (LINDANEI fO#NAI 0.0002 u o.OQO2 u 0.0002 u o.OW2 u o.ooo3 u o.ooo2 u o.OW2 u 

HEPTACHLOR (O.OOB/NA) I o.OW2 u 1 o.ooo2u 0.0002 u 1 o.OOi2 u 1 0.0003 u 1 0.0002 u 1 o.ooo2u 

METHOXYCHLOR HO.O/NAI o.wm u I 0.0020 u I o.w20 u I 0.0020 u I o.w30 u I 0.0020 u I o.oomu I I I L I t I 

TOXAPHENE (O.YNA) I o.w20 u I ooo2uu I o.w20 u I O.WM u I 0.0030 u O.WM u I 0.0020 u I 

Y 2 

0 

TCLP METALi (MGA)’ 

ARSENIC (S.O/O.S) 

BARIUM (lWO/lOO) 

CADMIUM (1.0/0.05) 

CHROMIUM (5.0/0.5) 

LEAD (5.0/0.15) I 0100 u 0.100 u O.lW u 0.0020 u 1 0.0027 J 1 0.0020 u 1 0.005BJ 

MERCURY 10.2/0.02b oOW2 u I 0.0003 u 0.0003 u I o.ooo4 u I o.otxMu I o.ooo4u I o.ooo4u I 

I , 

0220 0 210 0230 O.WM u O.WM u 0.0024 o.w20 u 

0360 0330 0 0780 0.0320 u 0.03Bo 0.120 0.0930 

00053 ofxmu o.oo50 u 0.0140 u 0.014a u 0.0140 u 0.0150 

oo5oou o.osoo u o.o500 u 0.0400 J 0.0490 J 0.0380 J 0.0630 J 

I I I I I I I 

SELENIUM (I .0/0.5) 0.150 J 0.100 u 0.160 J I 0.0036 J 1 0.0029 J I 0.0043 J 1 0.0051 J I 

1 SILVER (5.0/0.36) I 0.0092 J 1 0.0080 UJ 1 O.OOBO UJ 1 o.oBBou 1 0.066ou 1 0.0660u I 0.06allJ I 

l Federal Toxicity Characteristic Regulatory Level (58 FR 46648)IConnecticut Remediation Standard Pollutant Mobility Criteria for GB waters. 
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TABLE 7-13 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 

8 - 
AREA A WETLAND: NSB-NLON. GROTON. CONNECTICUT 

s 

. i 

SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SAMPLE TYPE: 

STATUS: 
l-a-l I3 mCCTl~lmrC I..-” \. 
I ULI- B-CCJ I Ib,“C3 (rn”,L, 

CHLORDANE (O.O3/NA) 

ENDRIN (0.02INA) 

GAMMA-BHC (LINDANE) (0.4/NA) 

HEPTACHLOR (O.OOB/NA) 

METHOXYCHLOR (lO.O/NA) 

TOXAPHENE (OSINA) 
TCLP METALS IMGAI’ 

09C690-Zt’fTBg(4-6) 2WTB2(1@12) 2WTB2(15-17) 2WTB2(%22) 2WTB2(4-6) 2WTB3(10-12) 2WTi33(15-17) 

PHI PHI PHI PHI PHl PHI PHI 

09/0&90 09/0&90 09/cw90 09/o6no 09/omo OW3ll9O OBL31/90 
2WTB2 2WTB2 2WTB2 2WTB2 2WTB2 . 2WTB3 2WTB3 

GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

o.w20 u 1 o.wxl u 1 0.0020 u 1 0.0020 u 0.0020 u 1 0.0020 u 1 o.wxl u 

I 0.0002 u I 0.0002 u I 0.0002 u I 0.0002 u I o.ooo2u I o.ooo2u I 0.0002 u 

o.OW2 u 0.0002 u o.OW2 u 0.0002 u o.OW2 u 0.0002 u o.OW2 u 

0.0002 u 0.0002 u 0.0002 u o.OW2 u o.OW2 u o.OW2 u 0.0002 u 

o.wzo u O.WM u O.WM u o.wzo u 0.0020 u O.WM u 0.0020 u 

o.w20 u 0.0020 u o.w20 u o.w20 u o.w20 u oDo2o u 0.0020 u 

ARSENIC (5.0/0.5) oo2oou 0.00&l 0.01 00 0.0120 0.0200 u 0.350 J 0.410 J 

BARIUM (100 O/10.0) 03005 0.120 0.140 0.130 0.140 0.0320 u 0.0460 
'. y CADMIUM (I .0/0.05) 0 0240 0.0140 0.0150 0.0140 0.0150 o.oo5o u o.oo5o u 

Ki -.... CHROMIUM (5.0/0.5) 00530 J 0.0450 J 0.0790 J 0.0660 J 0.0770 J o.o5oo u 0.05oo u 

LEAD (5.0/O. 15) 0.0020 u O.W22 J 0.0099 J o.o2oo u o.o2oo u 0.100 UJ 0.100 UJ 

MERCURY (0.2IO.02) 00020 u 0.0020 u o.ooo4 u O.WM u o.wxl u on003 o.oo2o u 

SELENIUM (1.0/0.5) 0.0200 u I 0.0043 J 0.0056 J 1 0.0200 u 1 0.0200 u I 0.150 J I 0.230 J 

SILVER (5.0/0.36) I O.OB50 I 0.0660u I 0.0660u I 0.0660u I 0.0680 0.360 J 1 0.0110 J 

l Federal Toxicity Characteristic Regulatory Level (58 FR 46049)/Connecticut Remsdiation Standard Pollutant Mobility Criteria for GB waters. 

. 

6 /I 
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TABLE 7-l 3 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 

<% AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 1 2WTB6(4-6) 1 2WTB7(0-2) 1 2ViTB7(2527) 1 2WTB7(10-12) 12WTB7(4-6) 1 2WTB8(1-3) 12WTB6(10-12) 

INVESTIGATION: PHl 
SAMPLE DATE: 09/06/90 

LOCATION: 2WTB6 

SAMPLE TYPE: GRAB 

PHI 
09/0!5/90 

2WTB7 

GRAB 

PHl 
09ml9o 

2WTB7 

GRAB 

PHl 
09/omo 

2WTB7 

GRAB 

PHl 
09/05/90 

2WTB7 

GRAB 

PHl 

08/30/90 
2WTBB 

GRAB 

PHl 

o8l3olQo 
2wTB8 

GRAB 

STATUS: 
I I 

r..rn \* 

CHLORDANE (O.O3/NA) 0.0020 u 0.0030 u 0.0020 u 0.0020 u 0.0030 u 0.0020 u 0.0020 u 

ENDRIN (O.OZNA) o.caO2 u 0.0003 u 0.0002 u 0.0002 u 0.0003 u 0.0002 u 0.0002 u 

GAMMA-BHC (LINQANE) (0.4INA) 0.0002 u 0.0003 u 0.0002 u 0.0002 u 0.0003 u 0.0002 u o.ooo2 u 

HEPTACHLOR fO.O08/NA1 0.0002 u 0.0003 u o.ooo2 u o.wO2 u 0.0003 u 0.0002 u omo2 u 

METHOXYCHLOR (lO.O/NA) 0.0020 u 1 0.0030 u 0.0020 u 0.0020 u 1 0.0030 u 1 o.oo2ou 1 0.0020 u 

TOXAPHENE (O.S/NA) 0.0020 u 1 0.0030 u 0.0020 u o.oo2o u 1 0.0030 u 1 0.0020 u 1 0.0020 u 

TCLP METALS (MGA) 

ARSENIC (S.O/O.S) 0.0091 0.0200 u 0.0020 u 0.0050 0.0070 0.170 J 0.210 J 

BARIUM (1 W.O/lO.O) 0110 0.130 J 0.0570 J 0.0440 0.0430 0.210 0.0520 
. ..- 

1 SILVER (5.0/0.36) o.c66o u 1 0.066ou 1 0.0660u 1 0.0660u 1 0.0660u 1 0.0080 UJ I 0.110 J 

l Federal Toxicity Characteristic Regulatory Level (58 FR 46648)/Connecticut Rernediation Standard Pollutant Mobility Criteria for GB waters. 
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TABLE 7-l 3 
SUMMARY OF POSITIVE TOXICIN CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 

G AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 
1. I 
0 SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SAMPLE TYPE: 

STATUS: 

2WTB8(68) 

PHI 

o8l3ol9o 
2WTB8 

GRAB 

l Federal Toxicity Characteristic Regulatory Level (58 FR 48048)IConnecticut Remediation Standard Pollutant Mobility Criteria for GB waters. 



g 
TABLE 7-14 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SEDIMENT) 
AREA A WETLAND; NSB-NLON, GROTON, CONNECTICUT 

~ 

11~2WSD2(9-9.5) 

PHl 

llmm 
2WSD2 

COMPOSITE 

11~2WSD3(@0.5) 12WSD39 

PHl PH2-1 

llQ6i90 lll2Oi93 

2WSD3 2WSD39 

COMPOSITE GRAB 

PHl 

lll2w90 
2WSD4 

COMPOSITE 

11269&2WSD5(0-0.5) 

PHl 

llml90 
2WSD5 

COMPOSITE 

TCLP PESTICIDES (MGIL) 

CHLORDANE (0.03iNA) 

ENDRIN 10.02/NA) 

0.0020 UJ 0.0020 UJ 0.0020 UJ O.WZO UJ 0.0020 UJ O.WM UJ 

i 0.0002 UJ 1 0.0002 UJ i 0.0002 UJ i 0.0002 UJ I 1 0.0002 UJ 1 0.0002 UJ 

1 GAMMA-BHC (LINDANE) (O&NA) 1 0.0002 UJ 1 0.0002 UJ O.OCO2 UJ 0.0002 UJ 

HEPTACHLOR (O.OOB/NA) 1 0.0002 UJ 1 0.0002 UJ 0.0002 UJ 0.0002 UJ 

METHOXYCHLOR flO.O/NA) 1 0.0020 UJ 1 0.0020 UJ 1 O.WM UJ 1 O.WM UJ I 

0.0002 UJ 1 0.0002 UJ 

O.ooO2 UJ i 0.0002 UJ 

TOXAPHENE (0.5iNA) 

TCLP METALS IMGILI’ 

0.0020 UJ 0.0020 UJ L 
OWZO UJ 00020 UJ 1 0.0020 UJ 1 0.0020 UJ 1 0.0020 UJ 0.0020 UJ 

ARSENIC (5.0/0.5) 03oou 03wu 03oou 0.300 u 0.0615 0.300 u 0.300 u 

Y BARIUM W.O/lO (1 0) 00590 0.0420 0.0390 0.0250 0.0191 u 0.0150 u 0.0150 u 2 

m CADMIUM (I .0/0.051 00023 o.oo20 u 0.0036 0.0020 u o.oo8o u 0.0029 O.WM u 

l Federal Toxicity Characteristic Regulatory Level (58 FR 46649)IConnecticut Remediation Standard Pollutant Mobility Criteria for GB waters. 



SAMPLE NUMBER: 

INVESTIGATION: 

SAMPLE DATE: 
LOCATION: 

SAMPLE TYPE: 

STATUS: 

112690msD6(0-0 5) 112690-2WSD7(04.5) 112690-2WSD8(0-0.5) 112690-2wSD9(0-0.5) 

PHl PHI PHI PHI 
11/26/90 11l26l9O 11l26l90 11/26/90 
2wSD6 2WSD7 2wSD8 2WSD9 

COMPOSITE COMPOSITE COMPOSITE GRAB 

$ 
TABLE 7-14 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SEDIMENT) 

E AREA A WETLAND: NSB-NLON, GROTON, CONNECTICUT 

LnL”n”nNC ~“.“all”n, “.WL” “1 “.“YLY Y” “.““L1 .,” -.---- u.8 I 
ENDRIN (O.OZNA) ) O.OW2 UJ 1 0.0002 UJ 1 0.0002 UJ 1 0.0002 UJ 

GAMMA-BHC (LINDAhq (v.~/N~J I V.-L ~.a I V.-L w., 1 --A-- “” I “_.a.#YL “.I I 
HEPTACHLOR (O.OOB/NA) 

METHOXYCHLOR (lO.O/NA) 

TOXAPHENE (OSINA) 

TCLP METALS (MGR) 
ARSENIC (5.0/0.5) 

BARIUM (1 W.O/lO.O) 

CADMIUM (1.0/0.05) 

CHRDMIUM 15 O/O 51 

0.0002 UJ 0.0002 UJ 0.0002 UJ 0.0002 UJ 

0.0020 UJ O.WM UJ 0.0020 UJ 0.0020 UJ 

0.0020 UJ 0.0020 UJ 0.0020 UJ 0.0020 UJ 

0.300 u 0.300 u 0.300 u 0.300 u 

0.0270 0.0290 0.0530 0.140 

0.0020 u 0.0036 0.0020 u 0.0110 

0.0130 0.01 00 0.0190 0.01 00 -.... -._..-... ,_._._._, 
Ill 44, I 0100 u 0.100 u O.lW u 0.100 1’ I LEAD (5.0.“. u v, 

MERCURY (O.UO.02) O.WM u 0.0020 u 0.0020 u 0.0020 u 
SELENIUM (1.010.5) 0.100 u 0.100 u 0.110 0.100 u 
SILVER (5.01036) 0.0070 UR 0.0160 J 0.0130 J O.W70 UR 

l Federal Toxicity Characteristic Regulatory Level (58 FR 48849)/Connecticut Remediation Standard Pollutant Mobility Criteria for GB waters. 



TABLE 7-15 
SUMMARY OF SOIUSEDIMENT ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 3 

Revision 1 
March 1997 

I Detection I Detection I Detection 1 1 Detection 
VOLATILE ORGANICS (uglkg) 

SiMlVhATlLE ORGANICS (uglkg) 
11 .CDichlorobenzene I l/35 I 

, 

42 1 T6-B I Of25 I I ND I 

2-Methylnaphthalene 4135 
4-Methylphenol 1 I35 
Acenaphthene 9136 
Acenaphthylene 7135 
Anthracene 17135 
Benzo(a)anthracene 28136 
Benzo(a)pyrene 25136 
Benzo(b)fluoranthene 26136 
Benzo(g,h,i)perylene 20136 
Benzo(k)fluoranthene 27136 
Benzoic acid 5135 

12.4-Dimethvlohenol I II35 

D-01-95-10 7-l 18 CT0 129 



TABLE 7-15 
SUMMARY OF SOIL/SEDIMENT ANALYTICAL RESULTS 
SITE 2 -AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 3 

Revision 1 
March 1997 

I I Sediment and 

Analyte 
Surface Soils (c2 Feet) (1) Subsurface Soils (~2 Feet) (2) 

Frequency Concentration Location of Frequent Concentration Location of 
of Range Maximum of Range Maximum 

1 Detection 1 1 Detection 1 Detection 1 I Detection 
77 I T5-A I Nl-l 

I Gamma-Chlordane I II/45 I 3.7-23 1 T6-A I ND I 

Heptachlor epoxide 
Methoxychlor 

ol25 ND 
4145 2.2-4.5 Tl-B OR5 ND 
l/44 38 T5-A OR5 ND 

Arcenir -._ . .._ -- -..-- -.-- -. -. . -._ .-- 
2WTB2 1 22l25 1 0.041-0.33 1 2WMW3S 
2WTB2 14R5 0.0077-0.016 2WTB6 
2WTB2 16R5 0.038-0.079 2WTB2 
2WTB6 8R5 0.0022-1.5 2WMW6S 

..-.--. -.I-.-- I -. I I ND 2f25 0.0003-0.0006 2WTB3 
,Selenium (1.010.5) 4l7 1 0 0036-0.16 1 2WMW2S 13R5 0.0043-0.23 2WTB3 

.-.-.-- . . . .- -, 

,.,--... v (5.010.5) 3l7 0.0064-0.22 7WMW7S I 71/7fi I Cl 0074-O Al I 7WTR3 1 

Barium (lOO.O/lO) 7l7 0.038-O 67 
Cadmium (1.0/0.05) 4l7 0.0063-0.024 
Chromium (5.010.5) 5ff 0.043-0.075 
Lead (5.0/0.15) 3ff 0 0027-0.018 
k”cVClIN tn 710 071 on 
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TABLE 7-l 5 
SUMMARY OF SOIL/SEDIMENT ANALYTICAL RESULTS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 3 

Revision 1 
March 1997 

1 Includes samples 2WSD1,2WSDlO (field duplicate of 2WSDl), 2WSD2, 2WSD3,2WSD4,2WSD5, 2WSD6, 
2WSD7, 2WSD8, 2WSD9, 2WMW2S-0002, 2WMW5-0002, 2WTBll (field duplicate of 2WMW5-0002) 
2WTB2-0002, 090690-2WTB9 (field duplicate of 2WTB2-0002) 2WTB4-0002, 2WTB6-0002, 2WTB7-0002, 
2WTB7-2527 (field duplicate of 2WTB7-0002) 2WTB8-0103, 2WSDlO through 2WSD22, and 2WSD27 
through 2WSD42. Maximum concentrations are used for evaluation of field duplicates and are counted 
as one sample. 

2 Includes samples 2WMW3-1012, 2WMW3-1618, 2WMW5-0406, 2WMW5-1012, 2WMW5-13, 
2WMW6-0204, 2WTBl-0810,2WTBl-1012, 2WTBl-1517, 2WTBl-2022, 2WTB2-0406, 2WTB2-1012, 
2WTB2-1517, 2WTB2-2022, 2WTB3-0406, 083190-2WTB9 (field duplicate of 2WTB3-0406) 2WTB3-1012, 
2WTB3-1517, 2WTB3-2022, 2WTB6-0406, 2WTB6-1517, 2WTB6-2022, 2WTB7-0406, 2WTB7-1012, 
2WTB8-0608, and 2WTB8-1012. Maximum concentrations are used for evaluation of field duplicates 
and are counted as one sample. 

3 ND - Not Detected. 
4 NA - Not Analyzed. 
5 R - Results rejected during data validation. 
6 Federal Toxicity Characteristic Regulatory Level (58 FR 46049)IConnecticut Clean-Up Standard Pollutant Mobility 

Criteria for GB Waters. 
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TABLE 7-16 

CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Exposure Concentration(‘) 
I I I 

Chemical of Concern Surface All Soil/ 
Soil/Sediment Sediment 

(w/W @w/kg) 

Groundwater 

OWL) 

Surface 
Water (mg/L) 

Tetrachloroethene NAt2) 

Benzo(a)anthracene 1.3127 

Benzo(b)fluoranthene 2.2/55 

NA 

1.1127 

I .a/55 

NA 0.002(3) 

NA NA 

NA NA 

Benzo(k)fluoranthene I 2.0145 I 1.6/45 I NA I NA 

Benzo(a)pyrene 

Bis(2-ethylhexyl)phthalate 

1.6/35 1.4135 NA NA 

NA NA 0.006/0.016 NA 

Dibenz(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

0.31 13) 0.31 C3’ NA NA 

I.1123 0.95/23 NA NA 

4,4’-DDD 

4,4’-DDT 

0.41/4.8 0.3314.8 NA NA 

0.2612.9 0.2012.9 NA NA 

Aroclor-1260 I 0.19/1.5 I o.lajl.5 I I NA 

Antimony 

Arsenic 

Barium 

Beryllium 

NA 

5.7114.1 

NA 

1.2 

NA 

6.9 

NA 

1.3 

0.0068/0.0086(4) NA 

0.0103/0.0826 0.0016/0.0029 

0.174/0.610 NA 

0.00070/0.0015 NA 

Boron I NA I NA I 0.443/3.17 ~~~~ I 0.135IO.369 

Cadmium 

Chromium 

1.717.2 

41.3/l 02 

2.4/l 1.5 

42.2/l 02 

0.0026/0.0066 0.0083/0.0666 

NA NA 

Lead 1 0.0047/0.0216 1 NA 

2.55ja.43 I .a7t5) 

0.0151/0.0446 0.0200/0.0847 

Manganese 

Nickel 

265 

NA 

228/376 

NA 
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TABLE 7-16 (Continued) 
CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

r Exposure Concentration”’ 
I I I 

Chemical of Concern Surface All Soil/ 
Soil/Sediment Sediment 

m3/w Ow/W 

Groundwater 

OWL) 

Surface Water 
OWL) 

Thallium 

Vanadium 

NA NA 0.0039/0.0089 NA 

85.1 56.21203 0.0065/0.0255 NA 

1 UCL if single concentration presented, otherwise average for CTE and maximum for RME. For 
groundwater, maximum is defined as the highest average concentration in a single well, and 
average is defined as the overall average concentration of all well-specific averages. 

2 NA - Not applicable. Chemical is not a chemical of concern for this medium. 
3 Maximum. Average exceeds maximum. 
4 Dissolved matrix. Chemical not detected in unfiltered samples. 
5 Maximum. Calculated UCL exceeds maximum. 
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Exposure Route 

Incidental Ingestion of Soil/Sediment 

Dermal Contact with Soil/Sediment(‘) 

Dermal Contact with Groundwater 

Incidental Ingestion of Surface Water 

Dermal Contact with Surface Water 

1 Cumulative Risk: 

TABLE 7-17 

ESTIMATED RISKS”’ 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

5.2E-1 6.2E-2 NA NA 1.5E-7 l.lE-8 NA NA 

1.2E+O 1 .OE-1 2.8E+O 5.OE-1 4.2E-5 1.6E-7 1.2E-5 2.8E-7 

1 Chemical-specific risks presented in Appendix F.6. 
2 RME - Reasonable Maximum Exposure. 
3 CTE - Central Tendency Exposure. 
4 NA - Not applicable; exposure route not evaluated for this receptor. 
5 Quantitative evaluation performed for cadmium, PCBs, and dioxins (if detected). 



TABLE 7- 18 

ECOLOGICAL CHEMICALS OF CONCERN 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Revision 1 
March 1997 

Aquatic Benthic 
Raccoon Mallard 

Chemicals of Concern Receptors Invertebrates 
I , 

Cobalt 
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TABLE 7-18 (Continued) 
ECOLOGICAL CHEMICALS OF CONCERN 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern 

Zinc 
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TABLE 7-18 (Continued) 
ECOLOGICAL CHEMICALS OF CONCERN 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern 

Notes: 1) NA - Not applicable. Chemical is not chemical of concern for this receptor. 
2) X - Chemical of concern for this receptor. 
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TABLE 7-19 

HAZARD QUOTIENTS FOR AQUATIC RECEPTORS 
BASED ON MAXIMUM SURFACE WATER CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Aluminum 2.4E+2 

Cadmium 

Barium 

7.7E + 1 

2.9E + 1 

Zinc 

Manganese 

Cobalt 

2.7E+ 1 

2.3E+ 1 

2.2E+l 

Mercury 

Iron 

1.6E+l 

l.lE+l 

r-- 
Copper 6.1E+O 

Lead 
I 

4.1E+O 

Revision 1 
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TABLE 7-20 

HAZARD QUOTIENTS FOR AQUATIC RECEPTORS 
BASED ON MEAN SURFACE WATER CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Lead 1.8E+O 

Copper 1.5E+O 
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TABLE 7-21 

HAZARD QUOTIENTS FOR BENTHIC INVERTEBRATES 
BASED ON MAXIMUM SEDIMENT CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Gamma-Chlordane 2.3E+2 

4,4’-DDD 1.5E+2 

Cyanide 

4,4’-DDT 

4,4’-DDE 

6.1E+l 

5.6E + 1 

4.3E + 1 

Dieldrin 

Heptachlor epoxide 

Phenanthrene 

3.1E+l 

7.2E+O 

5.5E+O 

Copper 

Endosulfan II 

Mercury 

4.7E+O 

3.3E+O 

2.2E+O 

1 Chromium I 2.OE+O 

Endosulfan sulfate 

Endosulfan I 

Arsenic 

l.!SE+O 

1.5E+O 

1.4E+O 

Fluoranthene I 1.3E+O 

Heptachlor 

Methoxychlor 

1.3E+O 

1.2E+O 
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TABLE 7-22 

HAZARD QUOTIENTS FOR BENTHIC INVERTEBRATES 
BASED ON MEAN SEDIMENT CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Gamma-Chlordane 

4,4’-DDD 

Cyanide 

l.OE+2 

1.5E+l 

1.4E+l 

Dieldrin 

Heptachlor epoxide 

4,4’-DDT 

9.OE+O 

6.OE +o 

5.9E+O 

4,4’-DDE 

Copper 

Mercury 

4.1E+O 

3.5E+O 

1.5E+O 

I Methoxychlor l.lE+O 

I Heptachlor I l.lE+O I 
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TABLE 7-23 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Aluminum 3.6E+02 

Chromium 

Vanadium 

l.OEt02 

3.8EtOl 

Lead 

Zinc 

Cadmium 

2.6E t 00 

2.5E t 00 

2.4EtOO 

Mercury 

Silver 

2.3E t 00 

2.3E+OO 

Selenium I 1.5EtOO t 
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TABLE 7-24 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MEAN CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Aluminum 3.OE+2 

Chromium 

Vanadium 

7.OE + 1 

2.7E + 1 

I Cadmium 
I 

1.6E+O 
I 

Mercury 

Silver 

l.lE+O 

1 .OE+O 
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TABLE 7-25 

HAZARD QUOTIENTS FOR SOIL INVERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Haurrd Quotient 

Chromium 4.8E+O 

Lead 

Cotner 

2.2E+O 

2.1E+O 
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TABLE 7-26 

HAZARD QUOTIENTS FOR SOIL INVERTEBRATES 
BASED ON MEAN CONCENTRATIONS 

SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Chemicals of Concern Hazard Quotient 

Chromium 2.8E+O 

I Comer I 1.4EtO I 

Revision 1 
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TABLE 7-27 
HAZARD QUOTIENTS FOR TERRESTRIAL VERTEBRATES 

BASED ON MAXIMUM CONCENTRATIONS 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Receptor Chemicals of Concern Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

hort-Tailed Shrew Aluminum 3.5E+2 45.9 a 

Vanadium 1.6E+2 20.9 

Chromium 1.2E+2 15.2 

Arsenic 3.1E+l 4.0 
All others l.lE+2 14.0 

Total Receptor HI 7.7E+2 

Pathway Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

Soil 4.3E+2 56.0 

Food 3.OE+2 39.5 

Water -3.5E+l 4.5 

Chemicals of Concern Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

ed-Tailed Hawk 4,4’-DDD ’ 4.8E+O 46.4 

Aluminum 1.7E+O 16.3 

Chromium 1.3E+O 12.2 

Zinc 7.5E-1 7.2 

All others 1.8E+O 17.9 

Total Receptor HI l.OE+l 

Pathway Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

Soil 5.8E+O 55.4 

Food 4.6E+O 43.8 

Water 8.9E-2 0.8 

Chemicals of Concern Total HI per COC for % Contribution of COC to Total 
all Pathways Receptor HI 

laccoon Vanadium 4.2E+O 30.6 

Heptachlor epoxide 2.6E +0 19.2 

Phenanthrene 1.2E+O 8.8 

Chromium l.lE+O 7.9 

All others 4.6E+O 33.5 

Total Receptor HI 1.4E+l 

Pathway Total HI per Pathway % Contribution of Pathway to Tota 
Receptor HI 

Soil 1.2E+l 85.6 

Food 1.9E+O 14.0 

Water 5.3E-2 0.4 
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TABLE 7-27 (Continued) r 
HAZARD QUOTIENTS FOR TERRESTRIAL VERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 
SITE 2 - AREA A WETLAND 
NSB-NLON, GROTON, CONNECTICUT 

Receptor 

Mallard 

Chemicals of Concern Total HI per COC for 
all Pathways 

4,4’-DDD 2.8E+2 
4,4’-DDT 1.7E+2 
Heptachlor epoxide 5OE+l 
4,4’-DDE 4.2E + 1 
All others lSE+l 
Total ReceDtor HI 5.6E+2 

~ % Contribution of COC to Total 
Receptor HI 

50.4 
30.5 
8.9 
7.6 
2.6 

% Contribution of Pathway to Total 
Receptor HI 

17.5 
82.5 
0.0 
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TABLE 7-28 
HAZARD QUOTIENTS FOR TERRESTRIAL VERTEBRATES 

BASED ON MEAN CONCENTRATIONS 
SITE 2 - AREA A WETLAND 

NSB-NLON, GROTON, CONNECTICUT 

Receptor Chemicals of Concern 

hort-Tailed Shrew 

:ed-Tailed Hawk 

laccoon 

Vanadium 

zhromium 

9rsenic 

zobalt 

411 others 

Total Receptor HI 

Pathway 

Soil 

=ood 

JVater 

Chemicals of Concern 

Q,4’-DDD 

Chromium 

Cobalt 

Zinc 

All others 

Total Receptor HI 

Pathway 

Soil 

Food 

Water 

Chemicals of Concern 

Vanadium 

Heptachlor epoxide 

Chromium 

Boron 

All others 

Total Receptor HI 

Pathway 

Soil 

Food 

Water 

Total HI per COC for 
I 

% Contribution of COC to Total 
all Pathwavs ReceDtor HI 

1.2E+2 

6.8E + 1 

2.5E+ 1 

1.8E+l 

5.5E + 1 

2.8E+2 

41 .o 

24.2 

8.8 

6.5 
19.5 

Total HI per Pathway 

I 
YO Contribution of Pathway to Total 

Receptor HI 

1.6E+2 

1.2E+2 

7.1E+O 

56.8 

40.7 

2.5 

Total HI per COC for 
all Pathways 

% Contribution of COC to Total 
Receptor HI 

1.5E+O 

7.4E-1 

5.4E-1 

4.6E-1 

7.6E-1 

4.OE + 0 

Total HI per Pathway Total HI per Pathway % Contribution of Pathway to 1 % Contribution of Pathway to Total 
Receptor HI Receptor HI 

7.7E +0 7.7E +0 86.8 86.8 
1.2E+O 1.2E+O 13.1 13.1 

1 .l E-2 1 .l E-2 0.1 0.1 

37.7 

18.5 

13.5 

11.4 

19.9 

Total HI per Pathway % Contribution of Pathway to Total 
Receptor HI 

2.2E+O 56.1 
1.7E+O 43.4 

2.OE-2 0.5 
I 

Total HI per COC for 1 % Contribution of COC to Total 
ReceDtor HI all Pathways 

4.2E+O 

2.2E+O 

l.lE+O 

4.5E-1 

8.9E-1 

8.8E+O 

47.7 

24.8 

12.4 

5.0 

10.1 

D-01-95-10 7-l 37 CT0 129 



Revision 1 
March 1997 

TABLE 7-28 (Continued) 
HAZARD QUOTIENTS FOR TERRESTRIAL VERTEBRATES 
BASED ON MEAN CONCENTRATIONS -wF 

SITE 2 - AREA A WE1 
NSB-NLON, GROTON 

Receptor ~ Chemicals of Concern 

Mallard Heptachlor epoxide 
4,4’-DDD 
4,4’-DDT 
4,4’-DDE 
All others 
Total Receptor HI 

Pathway 

LAND 
CONNECTICUT 

Soil 
Food 
Water 

Total HI per COC for 
all Pathways 

% Contribution of COC to Total 
Receptor HI 

4.2E + 1 
2.9E + 1 
1.8E+l 
4.OE+O 
1.7E+o 
9.4E + 1 

44.2 
30.6 
19.1 
4.3 
1.8 
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INSET A 

NOTE 
1, BASE MAP AND UTILITY INFORMATION 

FROM MAPS OF NSE-NLON AND 
PHASE II RI WORK PLAN (ATLANTIC. 
MAY 1993) 

2 ALL PAHs > 1 0 mdka, DDTR > 0 
mg/kg AND POSITNE DETECTIONS 

( OF PCBs ARE SHOWN ON FIGURE 

jr DDTR IS THE SUM OF ODD. DDT 
AND DDE 

ND=NOT DETECTED 
NA=NOT ANALYZED 
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This section provides a site-specific summary of various aspects of the Area A Weapons Center investigation. 

Section 8.1 provides a brief site description. The sampling and analysis program is summarized in 

Section 8.2. Section 8.3 discusses site physical features. The nature and extent of contamination is 

discussed in Section 8.4. Contaminant fate and transport is summarized in Section 8.5. Section 8.6 

provides the baseline human health risk assessment and Section 8.7 presents the ecological risk 

assessment. Section 8.8 includes a comparison to state standards and Section 8.9 provides a summary 

and conclusions. 

8.1 SITE DESCRIPTION 

--. 

The Area A Weapons Center site consists of Building 524 and weapons storage bunkers. The storage 

bunker area is divided into two portions (north and south areas) which were constructed at different times 

and are of different design. The site is located at the southeast end of Triton Avenue and is adjacent to and 

on the northwest side of the Area A Wetland. The general configuration of the Area A Weapons Center site 

is shown in ‘Figure 8-l. The location of the site within the NSB-NLON is shown on Drawing Number 1 

(Volume III). Current photos of the site are provided in Appendix 8.3. 

The Area A Weapons Center (Building 524) is located near the top of a local topographic and bedrock high. 

Building 524 was constructed in 1990-1991. Portions of the site were blasted to remove bedrock to 

accommodate construction of the building. The weapons storage bunkers are located southeast and 

downhill of Building 524 and are adjacent to and at a slightly higher elevation than the Area A Wetland. 

Prior to construction of the Area A Weapons Center, the site consisted of woodlands in the vicinity of 

Building 524 and Area A Wetland in the bunker areas. Based on review of aerial photographs, the southern 

area of weapons storage bunkers was first evident in 1969. The northern area of weapons storage bunkers 

was first evident in February 1974. 

Atlantic personnel inspected the Area Weapons Center on September 11, 1992. The following information 

was obtained during the site inspection. Building 524 is used for administration, minor torpedo assembly, 

and storage of simulator torpedoes. No weapons production takes place in this building. Small quantities 

of chemicals and chemical waste generated by activities in this building are stored in l- to 5-gallon 

containers in seven metal storage cabinets located on a paved area to the south of the building. Chemicals 
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include cleaning and lubricating compounds, paints, and adhesives. Many of these materials are classified 

as corrosive or flammable materials. The waste storage and management practices appeared to be good. =* 

The weapons storage bunkers are located southeast of Building 524. Liquid fuels in the weapons storage 

bunkers include Otto fuel, JP-10, and TH Dimer (kerosene). The group of southern area bunkers have been 

reconstructed in the last 10 years. A major part of the reconstruction involved removal of structurally 

unsuitable soil from the site. The removed materials appeared to be dredge spoils associated with the 

Area A Wetland. Prior to offsite disposal, these materials and the excavation sidewalls and groundwater 

were sampled and analyzed. Two sidewall samples and one groundwater sample were collected from the 

excavation. Four samples of the excavated materials were collected from the stockpile. Samples were 

analyzed for metals, volatile organics, PAHs, PCBs, cyanide, 4,4’-DDT, and TPH. Cyanide, TPH, and various 

metals were detected in the samples. Other analytes were not detected. 

Routine maintenance and security improvements that are planned for the Area A Weapons Center include 

grouting and waterproofing of bunkers, repaving of roads, installation of culverts, and regrading associated 

with these activities. 

8.2 SITE INVESTIGATIONS 

4 
Section 2.0 included a detailed discussion of the sampling procedures and analytical methods used during 

investigations at NSB-NLON. Sample locations for the Phase II RI are depicted on Figure 8-2. The 

remainder of this section discusses the scope of the Phase I and ii Rls. 

8.2.1 Phase I RI 

This site was not investigated during the Phase I RI. Although samples were obtained in the vicinity of the 

site, these samples were collected as part of the Area A Wetland investigation. Two of these samples 

(2WGW4D and 2WMW4 from 0 to 2 feet) are discussed in this section, even though their locations were 

originally selected during the wetland investigation. One groundwater sample was collected from well 

2WMW4D. Well 2WMW4S was not completed due to a lack of significant groundwater in the shallow 

overburden. One surface soil sample 2WMW4 (0 to 2 feet) was collected from the boring 2WMW4.S. Table 

8-l provides a summary of the analytical program for these samples. 
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8.2.2 Phase II RI 

Ten soil samples (plus two field duplicate samples) were collected from two monitoring well borings and 

eight test borings. Three samples (plus one field duplicate) were collected from depths of less than 2 feet 

(i.e., surface soils). Seven samples (plus one field duplicate) were collected from depths between 2 and 

18 feet (i.e., subsurface soils). 

Three new shallow overburden groundwater wells were installed and sampled. Additionally, the deep 

(bedrock) well 2WMW4D from the Phase I RI was sampled. Two rounds of groundwater samples were 

collected and four samples (plus one field duplicate during Round 1 only from well 2WCMWlS) were 

collected during each sampling round. 

During the Phase II RI, fiieen sediment samples (plus one field duplicate sample) were collected at this site. 

The sediment samples were collected from three distinct drainage areas, as shown on Figure 8-3, which will 

be referred to as drainage areas one, two, and three. Two surface water samples were also collected from 

stormwater drainageways at the Area A Weapons Center. Sample 2WCSW3 was collected from Drainage 

Area 3, and 2WCSW5 was collected from Drainage Area 2. All sample locations are shown on Figures 8-2 

and 8-3. Table 8-2 provides a sample-specific summary of the Phase II sampling and analytical program. 

8.3 PHYSICAL CHARACTERISTICS 

This section presents a summary of site physical characteristics for the Area A Weapons Center based on 

information generated during the Phase I and Phase II Rls. Topography and surface features, surface water, 

soils, geology, and hydrogeology are discussed in the subsections that follow. 

8.3.1 Topography and Surface Features 

Figure 8-l shows the topography and surface features of the Area A Weapons Center. The site consists of 

Building 524 and weapons storage bunkers. The Area A Weapons Center is located near the top of the 

northern topographic and bedrock high. The ground surface generally slopes from the northern bedrock 

high to the south toward the Area A Wetland. The 90-foot ground surface contour surrounds the site. The 

shape of this contour is consistent with the topography on the historical surficial geology map (USGS, 1980). 

The ground surface across the Area A Weapons Center is relatively flat. It has been altered as the bedrock 

was blasted during construction of Building 524. To the west and southwest, the ground surface slopes to 

a ravine (Area A Downstream Watercourses) and toward the OBDANE. 
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8.3.2 Surface Water Features (Atlantic, August 1992) 

Two drainage culverts (one along the northwest side and one along the southeast side of the site) collect 

runoff from the surrounding hillsides and from the Area A Weapons Center and discharge it to the Area A 

Wetland. The drainage culvert along the northwest side eventually discharges to a storm sewer which 

passes along the southern side of the site and discharges into the Area A Wetland (Drainage Area 1). The 

drainage culvert along the southeast side collects runoff from the hillside north of the site and continues 

along the southeast side of the site, eventually discharging to the Area A Wetland (Drainage Area 2). The 

Area A Wetland discharges to the Area A Downstream Watercourses and subsequently into the Thames 

River. Water typically flows in these drainage culverts immediately following precipitation occurrences. 

8.3.3 Soil Characteristics 

The SCS Soils Map (SCS, 1983) classifies the soil at the Area A Weapons Center as Udorthents-Urban land. 

This soil type is defined as excessively to moderately drained soils that have been disturbed by cutting and 

filling. The bedrock surface has been altered by blasting in some areas of the site. Other areas have been 

filled with dredge spoils. Native soils at the Area A Weapons Center were likely the same as those along 

the northern bedrock high. The SCS Map classifies this soil as the Hoiiis-Charlton-Rock complex, which is 

defined as stones and boulders intermingled with a dark, fine, sandy loam. Bedrock outcrops are prevalent. 

8.3.4 Geology 

The overburden materials at the Area A Weapons Center consist of 4 to 16 feet of coarse sand, gravel, and 

rock fill that is underlain by up to 17 feet of fine-grained dredge spoils. At the 2WCTBl and 2WCTB4 test 

boring locations, 8 and 4 feet, respectively, of fill material rests directly on bedrock (Mamacoke Formation). 

These are the only test borings where the bedrock was encountered and dredge spoils were not present. 

The overburden thickness generally increases to the south and east, toward the Area A Wetland. The 

bedrock topography across the Area A Weapons Center is depicted on Drawing 4 (Volume Ill). Geologic 

conditions are shown on cross-sections E-E’ and F-F’ on Drawings 19 and 20, respectively (Volume Ill). 

The bedrock surface generally slopes to the southwest across the site, toward the valley occupied by the 

Area A Wetland. The bedrock elevations at the 2WCTBl and 2WCTB4 test borings are higher than at the 

2WCTB6 test boring, which indicates that the bedrock surface does not slope uniformly and that localized 

bedrock surface depression(s) are present. This identified depression is most likely the result of the blasting 

activities that occurred during the construction of the Area A Weapons Center. The historical surficial 
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geology map (USGS, 1960) indicates that, formerly, the bedrock rose steeply to the 2WCTBl and 2WCTB4 

test borings and then rose gently to 2WCTB6 test boring. 

8.3.5 Hydrogeology 

Groundwater is present in both the overburden and bedrock underlying the Area A Weapons Center. The 

saturated thickness of the overburden deposits is variable, ranging up to 25 feet or more. Overburden 

groundwater is primarily found within the dredge spoil materials, with only the lowermost few feet of the 

coarser-grained fill deposits saturated. Figure 8-4 shows shallow overburden groundwater contours for the 

Area A Weapons Center and nearby areas. Figure 8-5 shows bedrock groundwater contours for the same 

areas. Groundwater in both the overburden and bedrock flows across the weapons center to the southwest. 

Cross-section E-E’ shows the groundwater flow from the Area A Weapons Center toward the Area A Landfill. 

Cross-section F-F’ shows the groundwater flow from the Area A Weapons Center toward the OBDANE. 

Although monitoring well 2WMW6S was dry during the August round of data collection, the March data 

indicate a downward gradient between 2WMW6S and 2WMW6D, indicating downward flow from the 

overburden to the bedrock in this area. 

The shallow overburden hydraulic gradient across the Area A Weapons Center is 0.019. Assuming an 

average horizontal hydraulic conductivity of 2.7 feet/day or 95E-4 cm/set (based on the Area A Landfill 

pumping test) and a porosity of 0.30, the seepage velocity for this area is estimated to be about 

0.17 feet/day. The bedrock flow gradient is similar to the overburden gradient; however, there is not 

sufficient data available regarding bedrock permeability and porosity to calculate flow velocities within the 

bedrock. 

8.3.6 Ecological Habitat 

The Area A Weapons Center is well-developed and characterized by buildings, weapons storage bunkers, 

paved areas between the bunkers and maintained lawns. While drainage ditches collect surface water run- 

off from this area, these ditches typically do not contain standing water for any extended period of time and 

do not support an aquatic community. This site does not provide habitat for wildlife receptors. However, 

the Area A Weapons Center is adjacent to three areas that do represent potential habitat. An upland 

coniferous/deciduous forest, characterized by red/black oak, eastern hemlock, white oak, black birch, 

mockernut hickory, mountain laurel, mapleleaf viburnum, and sassafras lies to the north of the Area A 

Weapons Center. A small area classified as upland deciduous forest/shrub habitat lies to the east, as does 

the Area A Wetland. The upland deciduous forest/shrub habitat is dominated by black birch, black cherry, 
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red maple, gray birch, red cedar, blackberry, American biersweet, and meltifiora rose (Atlantic, 1992). The 

ecology of the Area A Wetland is described in Section 7.3.6. 

8.4 NATURE AND EXTENT OF CONTAMINATION 

This section contains a summary of the chemical analytical results for samples collected during the Phase I 

and Phase II Rls at the Area A Weapons Center. The complete analytical data base (chemical and 

engineering) is contained in Appendix D.4. 

8.4.1 jsoiJ 

Positive analytical results for all Phase I and Phase II RI soil samples are provided in Table 8-3. Table 8-4 

presents the TCLP results for soil samples. The analytical results are summarized in Table 8-5. Soil samples 

were also collected for field analyses using an organic vapor detector to determine appropriate samples to 

send to the laboratory for fixed base analyses. The field analytical results are summarized in Table 8-6. 

A few volatile organics were detected in the subsurface soil samples. The concentrations were relatively low, 

with the maximum detected concentrations being 680 pg/kg and 240 pg/kg (acetone and 2-butanone in 

an 8- to 1 O-foot-deep sample from 2WCTBS). All other volatile organics were at concentrations of 11 pg/kg 

or less. Therefore, the analytical results do not indicate significant volatile organic contamination at this site. 

Semivolatile organics, particularly PAHs, were more frequently detected and were quantitated at higher 

concentrations than the volatile organics. The surface soil sample collected from boring 2WCTB2, located 

southwest of the bunkers along Triton Road, contained the highest concentrations of PAHs. For example, 

this sample contained fluoranthene (5,700 pg/kg), phenanthrene (4,200 pg/kg), pyrene (4,000 pg/kg), 

benzo(b)fluoranthene (3,200 pg/kg), and cht-ysene (2,300 pg/kg). The concentrations of PAHs decreased 

with depth in all samples collected. For instance, the maximum concentration of any PAH in the subsurface 

soil samples was 500 pg/kg (pyrene in the 8- to lO.footdeep sample from boring 2WCTB6, located in the 

central part of the complex). The concentrations of noncarcinogenic and carcinogenic PAHs in the surface 

soil samples (less than 2 feet deep) are presented in Figure 8-6. 

A few phthalate esters were also detected in several of the subsurface soil samples and in the surface soil 

sample from boring 2WMW4. These compounds were generally detected less frequently than the PAHs and 

at lower concentrations. Carbazole (720 pg/kg) was also detected in the surface soil sample from boring 

2WCTB2, and dibenzofuran (84 pg/kg and 31 lug/kg, respectively) was detected in the surface soil samples 
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from borings 2WCTB2 and 2WCTBl. Benzoic acid, ranging in concentration from 47 pg/kg to 480 pg/kg, 

was detected in 5 of 7 subsurface soil samples. 

A few pesticides were detected in the surface soil samples. Endrin at a maximum concentration of 14 pg/kg 

in two samples, 4,4’-DDE was detected in one sample at a concentration of 7.4 pg/kg, and endrin aldehyde 

at a concentration of 7 pg/kg in one sample. Maximum concentrations of these three pesticides were 

detected in the surface sample from boring 2WCTB2 along Triton Road. Endrin aldehyde was also detected 

at a concentration of 6.4 pg/kg in one of four subsurface soil samples. Aroclor-1260 was detected at a 

concentration of 50 pg/kg in the Phase I RI surface soil sample 2WMW4 (0 to 2 feet). 

With the exception of boron, maximum concentrations of all metals detected in surface soils were found in 

either boring 2WCTBl or boring 2WCTB2. The maximum concentrations observed in the subsurface soils 

were often greater than those reported in the surface soils, with the maximum often reported in the 4- to 

6-foot sample from boring 2WCTB3. Concentrations of antimony, barium, cadmium, calcium, manganese, 

nickel, potassium, sodium, and zinc exceeded NSB-NLON background levels in at least one surface soil 

sample, while concentrations of all metals detected in subsurface soils exceeded NSB-NLON background 

in at least one subsurface sample. 

Barium was detected in the TCLP leachate of a surface soil sample from boring 2WMW4, while arsenic, 

barium, chromium, and selenium were detected in the TCLP leachate of subsurface sample 2WCTB5-0608. 

All TCLP results were below Federal toxicity characteristic regulatory levels and Connecticut remediation 

standards for pollutant mobility for GB waters. 

8.4.2 , Groundwater 

Positive analytical results for all groundwater samples are provided in Table 8-7. The Phase I RI analytical 

results are summarized in Table 8-8. Tables 8-9 and 8-10 summarize the Phase II RI analytical results. 

A limited number of organic chemicals were detected in the wells at the Area A Weapons Center. Most of 

the detections were in well 2WMW4D. The compounds detected in this deep well include ketones, 

halogenated aliphatics, phthalate esters, and benzoic acid. All detections were 12 pg/L or less. During 

Round 1 of the Phase II RI, 1,3dichlorobenzene was detected at a concentration of 0.6 pg/L in well 

2WCMWl S. Benzo(g,h,i)perylene, dibenzo(a,h)anthracene, and indeno(l,2,3-cd)pyrene were detected at 

/? concentrations of 0.8 pg/L to 1 pg/L in well 2WCMWlS during Round 2 of the Phase II RI. During the 
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Phase I and II Rls, bis(2-ethylhexyl)phthalate was detected at a maximum concentration of 3 pg/L in five _ 

samples. * 

The samples collected from well 2WCMW3S, located south of the site along the drainageway into the Area A 

Wetland (Drainage Area l), contained the highest concentrations of many of the metals. Notable detections 

in the groundwater include arsenic (C,, = 19.9 pg/L), boron (C,, = 3,810 pg/L), manganese (C,, = 

6,540 pg/L) and sodium (C,, = 3,580,OOO pg/L). 

Gross alpha and gross beta were detected in samples collected from deep well 2WMW4D at maximum 

concentrations of 20 pCi/L and 22 pCi/L, respectively, in Round 2 of the Phase II RI. Complete gamma ’ 

spectrum analyses performed for samples from this well during Rounds 1 and 2 of the Phase II RI detected 

no radionuclides. 

8.4.3 Surface Water 

The analytical results for surface water samples are presented in Table 8-l 1. Di-n-octylphthalate and 

butylbenzylphthalate were the only organic compounds detected. Both of these compounds were found 

in sample 2WCSW3 (at concentrations of 1 pg/L and 2 pg/L, respectively). Arsenic (2.6 pg/L) cadmium 

(6.6 pg/L), and zinc (135 pg/L) were detected in unfiltered sample 2WCSW3. These metals were also 

detected at similar concentrations in the filtered sample from the same location but were not detected in 

sample 2WCSW5. The maximum concentrations of all other detected metals (including barium, calcium, 

iron, lead, magnesium, manganese, and sodium) were detected in sample 2WCSW5. 

<-- 

=i 

8.4.4 Sediment 

Positive results for all sediment samples are presented in Table 8-12. TCLP results are presented in 

Table 8-13. The analytical results for each of the three drainage areas are summarized in Table 8-14. 

Drainage area 1 includes from upstream to downstream, samples 2WCSD1, 2WCSD2, 2WCSD3, 2WCSD11, 

2WCSDl4, and 2WCSD15. Three of these samples were analyzed for volatiles and pesticides. Toluene and 

methylene chloride were the only volatile organic chemicals detected in these samples (at concentrations 

of 2 pg/kg and 12 pg/kg, respectively). These data do not indicate a significant volatile organic problem. 

Several pesticides, (4,4’-DDD, 4,4’-DDE, 4,4’-DDT, endosulfan sulfate, endrin, and heptachlor), were detected 

at concentrations ranging from 2.8 pg/kg to 32 pg/kg. PAHs were the most prevalent contaminants, with 

maximum concentrations found in samples 2WCSD3 (midstream) and 2WCSD14 (downstream). Both 
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carcinogenic and noncarcinogenic PAHs were detected at concentrations as high as 6,900 pg/kg 

(fluoranthene and pyrene). The concentrations of noncarcinogenic and carcinogenic PAHs are presented 

on Figure 8-6. Several phthalate esters were also detected, primarily in sample 2WCSDl1, including bis(2- 

ethylhexyl)phthalate, di-n-butylphthalate, di-n-octylphthalate, and butylbenzylphthalate. The concentrations 

of phthalate esters ranged from 26 pg/kg to 1,100 pg/kg. The maximum concentrations of metals were 

found in various locations, with downstream sample 2WCSD14 containing a majority of the maxima. Notable 

concentrations of metals include lead (Cm, = 127 mg/kg) manganese (C,, = 1,480 mg/kg), and zinc 

Gil, = 274 mg/kg). Barium was detected in the TCLP leachate of sample 2WCSD2 at a level below both 

Federal toxicity characteristic regulatory levels and Connecticut remediation standards for pollutant mobility. 

Y--- 

Drainage area 2 includes, from upstream to downstream, samples 2WCSD10, 2WCSD9, 2WCSD8, and 

2WCSD12. None of these samples were analyzed for volatile organics or pesticides/PCBs. ,PAHs and 

benzoic acid were the only semivolatile organics found in these samples. The PAHs were found at much 

lower concentrations than in the other drainage areas, with a maximum concentration of 660 pg/kg 

(chrysene). In this area, the higher concentrations were primarily found in the most upstream sample 

(2WCSDlO), although some maximum concentrations were also found in the most downstream sample 

(2WCSD12). Maximum individual metals concentrations varied from sample to sample, with no consistently 

higher concentrations at any location. Concentrations of metats detected in this area were also generally 

lower than concentrations detected in the other two areas (although most were only slightly lower). 

- z= 

Drainage area 3 includes samples 2WCSD4, 2WCSD5, 2WCSD6, 2WCSD7, and 2WCSD13, all collected 

southwest (downstream) of the site in the Area A Wetland. While a few volatile organic chemicals were 

detected in these samples, the data do not indicate a significant volatile organic problem. For example, 

trichloroethene and methylene chloride were detected at maximum concentrations of 22 pg/kg. Toluene, 

tetrachloroethane, and l,l,l-trichloroethane (ranging from 4 pg/kg to 13 pg/kg) were also detected in 

2WCSD5. Again, PAHs were the predominant contaminants, with concentrations as high as 5,200 pg/kg 

(pyrene). Sample 2WCSD4, followed by 2WCSD7, generally contained the highest concentrations in this 

area. Both carcinogenic and noncarcinogenic PAHs were detected. Di-n-octylphthalate, benzoic acid, 

carbazole, and dibenzofuran were also detected in from one to three sediment samples in this area. Several 

pesticides were also detected in samples 2WCSD4 and 2WCSD5. The maximum concentration of pesticides 

was 140 pg/kg (endrin aldehyde), followed by 4,4’-DDT (60 pg/kg). The maximum concentrations of most 

metals in this area were found at locations 2WCSD5 and 2WCSD6. Notable concentrations of metals include 

cadmium (C,, = 29.5 mg/kg), lead (C,, = 204 mg/kg), manganese (C,, = 2,640 mg/kg), and zinc 

G?lElX = 292 mg/kg). 
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Barium was detected in the TCLP leachate of sediment sample 2WCSD2. The reported concentration of this 

chemical, 0.248 mg/L, was less than the Federal toxicity characteristic regulatory level (100 mg/L) and the 

Connecticut remediation standard for pollutant mobility for GB waters (10 mg/L). 

8.5 CONTAMINANT FATE AND TRANSPORT 

The primary classes of contaminants identified at the Area A Weapons Center are PAHs and phthalate 

esters. These chemicals are typically less soluble than volatile organics and therefore are most likely to 

migrate via erosional processes. No PAHs were detected in the surface water samples, and relatively low 

concentrations of PAHs (i.e., slightly above the method detection limits) were detected in one groundwater 

sample (2WCGWl S-2). Figure 8-8 indicates that PAHs have been transported from the site via the drainage 

channels. Although a general downstream migration is indicated, the sediment results are somewhat 

discontinuous. Some of the highest concentrations of PAHs were noted in samples 2WCSD3 and 

2WCSD14, which are located in Drainage Area 1. Although concentrations of PAHs are similar in these two 

samples, sample 2WCSDl1, collected from a location between locations 2WCSD3 and 2WCSD14, had very 

low concentrations of PAHs. 

PAHs appear to originate from Drainage Areas 1 and 3. Sediments from these areas are carried to 

downstream locations which eventually discharge into the Area A Wetland. Drainage Area 2 contains low 

concentrations of PAHs, and therefore it appears as though the source of PAHs is activity in and 

runoff/discharge from the northern and western portions of the Area A Weapons Center. 

8.6 BASELINE HUMAN HEALTH RISK ASSESSMENT 

This section contains the site-specific human health risk assessment for potential exposures occurring at 

the Area A Weapons Center. The methodology followed was described in Section 3.3, and detailed 

calculations are provided in Appendix F.7. 

8.6.1 Data Evaluation 

Several Chemicals of Concern (COCs) were identified at the Area A Weapons Center based on a comparison 

of site data to the risk-based COC screening levels described in Section 3.3.1. All data collected during the 

Phase I and II Rls, except data from soil samples collected from depths greater than 10 feet, were used to 

select COCs for soil, groundwater, sediment, and surface water. COC summary screening tables for all 

media are provided in Appendix F.7. 
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The COCs for soil at the site are as follows: 

0 PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and . 

indeno(l,Z%cd)pyrene). 

0 Metals (antimony, arsenic, beryllium, chromium, and manganese). 

Chromium was selected as a COC for “all soil” (soils from depths of 0 to 10 feet) only; the maximum 

detected concentration of this chemical in the surface soil samples was less than the COC screening level. 

As summarized in the site-specific COC summary screening tables (in Appendix F.7), maximum detections 

in soil were also compared to USEPA Soil Screening Levels (SSLs) for migration to groundwater. Maximum 

detections for several chemicals (benzo(a)anthracene, carbazole, chrysene, barium, chromium, and nickel) 

in the site soil samples exceeded the SSLs, indicating the potential for these chemicals to migrate to 

groundwater and potentially impact water quality. 

Several chemicals were detected at maximum concentrations exceeding the COC screening criteria for 

residential use of groundwater. These chemicals are: 

0 Halogenated aliphatic hydrocarbons (1,2dichloroethane, 1 ,1,2-trichloroethane, and 

trichloroethene). 

0 PAHs (dibenz(a,h)anthracene and indeno(l,2,3-cd)pyrene) 

0 Metals (antimony, arsenic, beryllium, boron, chromium, lead, manganese, and thallium). 

Antimony, which was not detected in the unfiltered groundwater samples, was retained as a COC because 

the maximum detection of this chemical in the filtered samples exceeded the associated risk-based COC 

screening level. Of the chemicals detected in this medium, only antimony, lead, and thallium were reported 

at maximum concentrations in excess of primary drinking water standards (i.e., MCLs and Action Levels). 

COCs for surface water include arsenic and cadmium. Arsenic was the only chemical detected at a 

concentration exceeding AWQC. The same chemicals identified as COCs for soil at the site were selected 

as COCs for sediment. Two additional metals, cadmium and vanadium, were also selected for sediment. 
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Several organic chemicals (2-hexanone, 2-methylnaphthalene, acenaphthylene, benzo(g,h,i)perylene, 

phenanthrene, endosulfan sulfate, and endrin aldehyde) and some inorganic essential human nutrients 

(calcium, magnesium, potassium, and sodium) detected in the site media were not identified as COCs 

because no toxicity criteria are available to quantitatively evaluate these chemicals. In addition, USEPA 

Region I does not advocate a quantitative evaluation of exposure to aluminum and iron because the only 

available toxicity criteria for these chemicals are provisional reference doses based on allowable daily intakes 

rather than adverse effect levels. Exposure to these compounds is addressed in the uncertainty section of 

the baseline risk assessment, Section 3.3.5. 

Because a limited number of samples were collected for soil and surface water, average (CTE) and 

maximum (RME) detected concentrations were used as exposure concentrations for these media as well 

as for groundwater, respectively. UCL determinations were made for sediment COCs at the Area A 

Weapons Center. However, average and maximum concentrations serve as the exposure concentrations 

for several sediment COCs because the distribution of the data set for several chemicals was considered 

to be undefined. The COCs and exposure concentrations for each media are presented in Table 8-15. 

8.6.2 Exposure Assessment 

Two receptor groups were considered likely to be exposed to media at the Area A Weapons Center: full- 

time employees and construction workers. The full-time employee could conceivably come into contact with 

surface soil on a routine basis (i.e., 150 days/year for 25 years under the RME and 6 years under the CTE). 

The construction worker is defined as having a one-time exposure while involved in a l-year construction 

project. The RME construction worker could be exposed to groundwater (dermally) and soil for a period 

of 120 days, while the CTE worker is assumed to be exposed for 80 days. 

Since the site is located in an area which could be potentially developed for residential land use if the naval 

facility were to close, a future residential exposure scenario was also evaluated at the direction of the 

USEPA. Future residents could come into direct contact with “all soil” (soil from depths of 0 to 10 feet), in 

addition to groundwater, which is assumed to be used for domestic purposes. Exposure to groundwater 

is assumed to occur on a daily basis (i.e., 234 days/year for the CTE and 350 days/year for the RME, while 

exposure to soil is expected to occur 150 days/year. The rationale for the selected exposure parameters 

was described in Section 3.3.3 for all identified receptor groups. 

Inhalation of fugitive dust and volatile emissions from soil is evaluated qualitatively by a comparison of 

maximum soil concentrations to USEPA SSLs for the inhalation pathway. This comparison is provided in 

the site-specific COC summary screening tables, located in Appendix F.7. Maximum concentrations for all 4 
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-- chemicals detected in the soil were below the inhalation SSLs, which indicates the relative insignificance of 

this exposure route and eliminates the need for further quantitative evaluation of this exposure pathway at 

the Area A Weapons Center. 

Dermal contact with soil was not evaluated quantitatively for the Area A Weapons Center since cadmium, 

dioxins, and PCBs were not detected in the site soil samples. Section 3.3.3 provided a qualitative discussion 

of exposure to other chemicals detected-in the soil at NSB-NLON. 

In addition, exposures to sediment and surface water at the site were not evaluated in a quantitative fashion 

as these exposures are presumed to be of lesser magnitude than direct contact with soil and groundwater. 

Full-time employees, construction workers, and future residents would likely come into contact with soil and 

groundwater at a greater frequency and duration than exposure to sediment and surface water. Since 

similar COCs and exposure concentrations are associated with soil and sediment and groundwater and 

surface water (as seen in Table 8-15) exposure to site media is considered to be adequately addressed by 

the quantitative evaluation of direct contact with soil and groundwater. 

6.6.3 Risk Characterization 

This section summarizes the quantitative risk assessment for the Area A Weapons Center. Total 

noncarcinogenic and carcinogenic risks for each exposure route, as well as the cumulative risks for each 

receptor, are presented in Table 8-16 for the RME and CTE. Sample calculations are provided in 

Appendix F.3. Chemical-specific risks for the site are contained in Appendix F.7. 

8.6.3.1 Noncarcinogenic Risks 

?- 

No toxic effects are anticipated for the full-time employee because cumulative Hazard Indices (HIS) for this 

receptor were less than unity for both CTE and RME scenarios. In addition, the cumulative HI for the 

construction worker is less than unity for the CTE. Toxic effects may occur for the construction worker 

under the RME and future resident under CTE and RME conditions. Cumulative HIS for these receptors 

exceeded unity. Elevated noncarcinogenic risks for the construction worker and future resident are primarily 

attributed to manganese in groundwater. Dermal contact with groundwater is the primary exposure route 

of concern for both receptors, and ingestion of groundwater is an additional concern for the future resident. 

Elevated noncarcinogenic risks for the future resident are also associated with exposure to arsenic and 

thallium under the RME. All HQs for manganese for both receptors and arsenic and thallium for the RME 

future resident exceed unity for the aforementioned routes of exposure (Appendix F.7). 
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8.6.3.2 Carcinogenic Risks 

Cumulative incremental cancer risks were less than or slightly above 1 E-6 for the full-time employee and the 

construction worker under both exposure scenarios. The cumulative incremental cancer risk for the CTE 

future resident (6.6E-5) was also within the USEPA’s target risk range. However, for the RME future resident, 

the cumulative incremental cancer risk (6.7E-4) exceeded 1 E-4, the upper limit of the USEPA’s target risk 

range. Estimated carcinogenic risks for future residents are mainly a result of exposure to 

dibenz(a,h)anthracene and arsenic in groundwater. Maximum detected concentrations of these chemicals 

were used to assess RME risks. The exposure route which contributes the most to the elevated 

carcinogenic risks for the RME is incidental ingestion of groundwater. 

8.6.3.3 Exposure to Lead 

Lead was identified as a potential COC for groundwater at the Area A Weapons Center. The maximum 

detected concentration of this chemical in a single site groundwater sample (16.8 pg/L) slightly exceeded 

the Federal Action Level of 15 pg/L. Exposure to lead was addressed using the USEPA IEUBK Model, as 

discussed in Section 3.3.3; support documentation for the site-specific analysis is provided in Appendix F.7. 

Exposure concentrations for groundwater, which were presented in Table 8-14, were used, as well as site- 

specific soil concentrations and default values (for air, material contribution, etc.), to estimate blood lead 

levels for children in a residential setting. Estimated geometric mean blood lead levels for exposure to lead 

in the site media are 1.7 pg/dL for the CTE and 2.7 pg/dL for the RME. No adverse effects are anticipated 

for a child in a residential setting under both exposure scenarios since these values are less than the 

established level of “concern,” 10 pg/dL. 

8.6.3.4 Uncertainties 

A detailed discussion of uncertainties associated with the various aspects of risk assessment, in general, 

were provided in Section 3.55. Site-specific uncertainties for the Area A Weapons Center risk evaluation 

are presented below. 

Some inorganic chemicals detected in site soils samples may be attributable to naturally occurring 

background levels. Background levels for metals in soil at NSB-NLON, developed by Atlantic Environmental 

Services, Inc., were presented in Table 1-2. Reported concentrations of aluminum, arsenic, beryllium, 

chromium, copper, iron, lead, and vanadium in the site surface soils were below the established NSB-NLON 

background levels. 
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--. 
For the construction worker, calculated risks associated with dermal contact with groundwater are slightly 

overestimated since this receptor was assumed to come in contact with groundwater collected from shallow 

and deep monitoring wells. Several’ organic compounds (1,2dichloroethane, 1 ,1,2-trichloroethane, and 

trichloroethene) were selected as COCs for groundwater but were detected in the deep well 2WMW4D only. 

However, the ramifications of the employed approach for groundwater are not considered to be significant 

as elevated risks for the construction worker are primarily a result of exposure to metals, which were 

detected at similar concentrations in all groundwater samples. 

8.7 ECOLOGICAL RISK ASSESSMENT 

This section contains a site-specific ecological risk assessment for the Area A Weapons Center. Both 

maximum and average exposure point concentrations were considered in determining potential risks to 

ecological receptors. The process followed to determine exposure point concentrations and the 

methodology used to characterize risks to ecological receptors is summarized in Section 3.4. Detailed 

calculations are provided in Appendix 1.4. 

8.7.1 Conceptual Site Model 

A 

Surface water, sediment, and surface soil (0 to 2 feet) samples were collected from the Area A Weapons 

Center. Several pathways have been identified for exposure to chemicals associated with this site. One 

group of receptors (aquatic receptors) is most likely to be exposed to sediment and surface water through 

direct contact with or ingestion of sediment or surface water. A second group of receptors associated 

primarily with terrestrial habitat (e.g. red-tailed hawk, short-tailed shrew, soil invertebrates) is most likely to 

be exposed to site media via direct contact with the surface soil as a result of foraging, movement through 

the area, or burrowing in the soil (e.g., soil invertebrates). Additionally, terrestrial receptors could be 

potentially exposed through ingestion of surface water at the Area A Weapons Center. 

8.7.2 Exposure Assessment 

The Area A Weapons Center is welldeveloped and is characterized by buildings, paved areas and 

maintained lawns (Section 8.3.6). However, it is surrounded by upland coniferous/deciduous forest, a small 

area characterized as upland deciduous forest/shrub, and the Area A Wetland. These areas are likely to 

support ecological receptors that may encounter chemicals associated with the Area A Weapons Center as 

they move though the site to nearby locations. Additionally, this site contains surface drainage ditches which 

may be used as a source of drinking water. Although they do not currently support an aquatic community, 

for the purposes of this risk assessment, it was conservatively assumed that these ditches were inhabited 
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by aquatic organisms. Aquatic biota inhabiting the Area A Weapons Center drainage ditches may be 

exposed to chemicals through direct contact with and ingestion of surface water and sediment and, 

indirectly, through the ingestion of prey. Complete exposure pathways for this site also include potential 

uptake of chemicals by terrestrial vegetation and exposure of soil invertebrates by direct contact with 

chemicals present in soil moisture or through soil ingestion. Complete exposure pathways for small 

mammals include direct contact with soil, incidental ingestion of soil while foraging, ingestion of surface 

water, and consumption of prey. Predators could be exposed to chemicals at this site by consumption of 

prey, ingestion of surface water, or incidental ingestion of soil. 

8.7.3 Receptor Organisms 

As noted above, the habitat currently associated with the Area A Weapons Center is unlikely to support 

populations of wildlife receptors. However, for the purposes of this ecological risk assessment, it was 

assumed that the drainage ditches at the Area A Weapons Center supported a population benthic 

invertebrates and aquatic receptors. The rest of the site was assumed to support a population of soil 

invertebrates that were preyed upon by short-tailed shrews that both inhabited and foraged in the area. 

These insectivores served as prey for red-tailed hawks. The same conservative assumptions summarized 

in Section 3.4.4.2 were retained for this assessment. 

8.7.4 Chemicals of Concern 

As discussed in Section 8.7.1, surface soils, sediment, and surface water all are media with which ecological 

receptors are likely to come in contact. COCs were selected by comparing exposure point concentrations 

(both maximum and average values; Appendix 1.4) detected in surface soil, sediment, and surface water 

samples to the following (see also Section 3.4.2): 

0 lnorganics were compared to concentrations of inorganic constituents present in samples col- 

lected from NSB-NLON background locations. 

0 lnorganics present in concentrations greater than NSB-NLON background concentrations and 

all organic compounds were compared to conservative benchmark values protective of benthic 

invertebrates, terrestrial vegetation, soil invertebrates, the short-tailed shrew, and the red-tailed 

hawk. In addition, all contaminants whose concentrations exceeded chronic benchmark values 

were compared to acute benchmark values. 

.-- 
-4 
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COCs identified as a result of comparing both the maximum and average concentrations of chemicals 

detected in sediment, surface water, and surface soils collected from this area to benchmark values are 

summarized in Table 8-l 7. 

8.7.5 Risk Characterization 

The ecological risk characterization for Site 20 Area A Weapons Center is summarized in this section. Risks 

to aquatic biota terrestrial vegetation, soil invertebrates, and terrestrial vertebrates are evaluated. Detailed 

media and receptor-specific calculations used to determine ecological risks for the site are contained in 

Appendix 1.4. 

8.7.5.1 Aquatic Biota 

As discussed in Section 3.4.2.3, potential risks to aquatic biota were determined by comparing the maximum 

and average surface water and sediment concentrations to benchmarks protective of these organisms. The 

resulting HQs are summarized in Appendix I.4 and Tables 8-18 and 8-19. 

When the maximum concentrations in surface water were compared to benchmarks protective of aquatic 

receptors, it was determined that cadmium, iron, lead, and zinc exceeded both their background 

concentrations and their respective benchmark values (Table 8 - 18). These results indicate that, based on 

exposure to maximum concentrations of inorganics in surface water, aquatic receptors inhabiting the Area 

A Weapons Center are potentially at risk. Comparison of the average concentrations of inorganics to 

benchmark values protective of aquatic biota also indicated that cadmium, lead, and zinc (HQs = 1.4E+ 1, 

1.7E t 1 and 6.OE +O, respectively; Table 8-19) were present in concentrations that represented a potential 

risk to these receptors. None of the organic contaminants detected in surface water samples collected from 

Area A Weapon Center were present in concentrations that represent a risk to aquatic biota (Appendix 1.4). 

These results suggest that inorganic chemicals associated with surface water collected from the Area A 

Weapons Center may potentially have an adverse impact on aquatic biota. 

For acute comparisons for inorganics, only the maximum concentrations of cadmium, iron, and zinc 

exceeded benchmark values (Appendix 1.4). For average comparisons to acute benchmarks, cadmium and 

zinc had HQs > 1. 

When the maximum sediment concentrations were examined, it was determined that cadmium, selenium, 

manganese, lead, copper, zinc, mercury, chromium, arsenic, and nickel exceeded NSB-NLON background 

concentrations and their respective benchmark values (Table 8-l 7). With the exception of arsenic, selenium, 
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chromium, and mercury, the highest concentration of each of these metals was detected in samples 

2WCSD5, collected from a drainage ditch in drainage area 3. However, the HQs calculated for these 

inorganics were less than those calculated for gamma chlordane (HQ = 3.6E+2). The pesticides endrin 

aldehyde (HQ = 2.3E+ 1), 4$-DDE (HQ = 1.6E t 10 and 4,4’-DDT (HQ = 6.OEtO; Table 8-20) also 

represented a potential risk to aquatic biota. The maximum concentrations of gamma-chlordane, endrin 

aldehyde, methoxychlor, endosulfan sulfate, and endrin were also detected in the samples collected from 

2WCSD5 (Table 8-12). These results indicate that benthic organisms exposed to the maximum 

concentrations of chemicals detected in sediment collected from Area A Weapons Center ditches are 

potentially at risk. 

When the average concentrations of inorganics in the drainage ditch sediments were compared to their 

respective benchmark values, only selenium, cadmium, copper, chromium and mercury had HQs greater 

than 1.0 (Table 8-21). HQs calculated for a number of organics detected in these samples (e.g., gamma- 

chlordane, 4,4’-DDE, endrin aldehyde, methoxychlor, and endosulfan sulfate) were somewhat higher than 

those calculated for the average concentrations of the inorganics (Table 8-21). These results indicate that 

the average concentrations of both inorganics and organics represent a potential risk to benthic organisms 

inhabiting the Area A Weapons Center drainage ditches. 

For comparison of maximum concentrations of inorganic COCs to acute sediment benchmarks, cadmium, 

manganese, and selenium exceeded benchmarks (Appendix 1.4); only selenium was a COC for average 

comparisons. For organics, the maximum and average concentrations of endosulfan sulfate and 

methoxychlor resulted in their retention as acute sediment COCs. 

8.7.5.2 Terrestrial Vegetation 

As discussed in Section 3.4.2.3, potential risks to terrestrial vegetation were determined by comparing 

chemical concentrations to conservative, phytotoxic benchmarks. The benchmark values listed in Will and 

Suter (1994) are conservative and do not consider site-specific soil characteristics which may affect the 

bioavailability of chemicals (and their potential toxicity) to plants (Section 3.4.2.3). Maximum and average 

chemical concentrations detected in surface soil samples were compared to these phytotoxic benchmark 

values and HQs were determined. Chemicals associated with the Area A Weapons Center were considered 

to represent a risk to terrestrial vegetation if the HQs exceeded 1.0. The HQs determined for this site are 

summarized in Tables 8-22 (maximum concentrations) and 8-23 (mean concentrations). 

When maximum concentrations of surface soil chemicals were compared to phytotoxic benchmark values, 

four inorganics with HQs greater than 1.0 were identified (Table 8-22). The maximum concentrations of 

-4 

-4 
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aluminum, chromium, and vanadium produced the highest HQs with respect to these receptors (HQs = 

1.9Et2, 1.2E+ 1, and 9.OEtO respectively; Table 8-22). When the average concentrations in surface soil 

were compared to the phytotoxic benchmarks, HQs decreased somewhat (the HQ values for aluminum, 

chromium, and vanadium equalled 1.3E t 2,9.8E t 0, and 7.4E t 0, respectively). However, with the exception 

of antimony, the same chemicals identified as representing a potential risk to vegetation when maximum 

concentrations were considered still had HQs greater than 1.0 when average concentrations were used 

(Table 8-23). Based on this conservative assessment, terrestrial vegetation associated with the Area A 

Weapons Center may be adversely impacted as a result of exposure to surface soil. 

8.7.5.3 Terrestrial Fauna 

Soil Invertebrates 

Conservative benchmark values protective of earthworms were used to identify potential risks to soil 

invertebrates. The maximum and average concentrations of inorganics detected in surface soil samples 

collected from the Area A Weapons Center were compared to NSB-NLON background concentrations. 

lnorganics at concentrations greater than background values and all organics were then compared to 

benchmark values developed for earthworms (see Section 3.4.2.3) and HQs were determined (see 

Appendix 1.4). Chemicals associated with the Area A Weapons Center were considered to represent a risk 

to terrestrial invertebrates if the HQs exceeded 1.0. 

The maximum concentrations in surface soil were compared to benchmark values developed to be 

protective of soil invertebrates. The results of this comparison determined that no chemicals were present 

at concentrations that could adversely impact these receptors (Appendix 1.4). As discussed in 

Section 3.4.2.3, data regarding the toxicity of soil chemicals to soil invertebrates is limited and difficult to 

interpret, but the results of this assessment suggest that soil invertebrates are not at risk from exposure to 

soil contaminants. However, it should be noted that the “main environmental concern about earthworms 

and higher soil metal concentrations is that the metals will accumulate to concentrations toxic to predators, 

rather than that the metals will be toxic to earthworms” (Beyer, 1990). This is particularly true of cadmium; 

these soil jnvertebrates are known to greatly concentrate cadmium relative to soil (Beyer, 1990). Therefore, 

although these results suggest that soil invertebrates not being adversely impacted by soil contaminants 

detected at this location, it is possible that predators feeding on these organisms may be exposed to soil 

contaminants concentrated in their tissue. 
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Terrestrial Vertebrates 

Potential risks to terrestrial ecological receptors coming in contact with surface soil were assessed by 

examining risks to the short-tailed shrew and red-tailed hawk. Exposure pathways considered in this 

assessment for this site included the ingestion of prey, direct contact with the soil, incidental ingestion of 

soil, and ingestion of surface water. All calculations performed for representative animals potentially 

inhabiting the Area A Weapons Center are contained in Appendix 1.4. 

As discussed in Section 3.5.3, risks to terrestrial receptors are expressed in terms of HIS, which are the sum 

of chemical-specific HQs. Tables 8-24 and 8-25 contain the HIS calculated for each receptor exposed to 

the maximum and average surface water and surface soil concentrations. 

The HI calculated for the short-tailed shrew using maximum surface soil and surface water concentrations 

(HI = 1.4E+2) indicates that this species was potentially at risk (Table 8-24). Three analytes (antimony, 

phenanthrene, and barium) contributed most significantly to this receptor’s potential risk (HQs = 9.7E t 1, 

l.lE+l, and l.lE+l, respectively. Ingestion of prey (44.6%) and incidental ingestion of soil (55.3%) 

contributed the majority of the risk (Table 8-24). 

When average soil concentrations were used, somewhat lower risks (HI = 1.3Et2; Table 8-25) resulted. 

Antimony, barium, and phenanthrene were the contaminants that made the greatest contribution to the this 

receptor’s potential risk (HQ = 9.OE + 1, 1 .l E t 1, and 3.4E +O, respectively; Table 8-25). 

Using acute toxicity benchmark values, no HIS > 1 were calculated for the short-tailed shrew for either the 

maximum or average exposure scenarios (Appendix 1.4). This suggests insignificant potential acute risks 

to this receptor. 

When the maximum soil and surface water concentrations were compared to conservative benchmark values 

developed for the red-tailed hawk, an HI of 4.4E +0 was calculated (Table 8-24). Antimony (HQ = 2.2E+O) 

was the sole analyte present at a concentration that resulted in HQs greater then 1 .O (Table 8-24). Ingestion 

of food (33.4%) and incidental ingestion of soil (66.3%) represented the primary means of exposure to 

site-related chemicals. 

Comparison of the average surface soil and surface water concentrations to the benchmark values 

developed for the red-tailed hawk resulted in a minor reduction in potential risk. Antimony (HQ = 2.OEtO) 

remained the only analyte with an HQ greater than 1 .O (Table 8-25). The HI dropped to 3.6E+O. Ingestion 

of prey (29.7%) and incidental ingestion of soil (69.9%) represented the primary routes of exposure. These 

D-01-95-10 8-20 CT0 129 



Revision 1 
March 1997 

results indicate that exposure to the average surface soil and surface water concentrations also represent 

a potential risk to these predators. 

Using acute toxicity benchmarks for the red-tailed hawk, no HIS > 1 were generated for either the maximum 

or average exposure scenarios, suggest no acute potential risks to this avian receptor (Appendix 1.4). 

8.7.5.4 Uncertainties 

As discussed in Section 3.4, the following conservative assumptions were maintained in performing this 

ecological risk assessment: 

0 the site use factor was assumed to equal 100% (i.e., the organisms were assumed to live and 

forage exclusively within the boundaries of this site), 

0 minimum body weights were used to calculate receptor dose 

0 maximum ingestion rates were used to calculate receptor dose 

0 contaminants were assumed to be 100% biologically available 

0 the most sensitive life stage was assumed to be exposed to site contaminants 

0 it was assumed that only contaminated prey were consumed. 

By adopting these conservative assumptions, the final risk estimates are deliberately conservative and are 

likely to overestimate the actual risk associated with contaminants detected at the Area A Weapons Center. 

This approach was taken so it may be concluded with confidence that certain chemicals detected at this 

site are unlikely to represent an ecological risk. While this process serves to significantly reduce the 

uncertainty associated with eliminating certain chemicals from further consideration, uncertainty is associated 

with concluding that exposure to the remaining chemicals are adversely impacting ecological receptors. 

An analysis of the uncertainty associated with the risk assessment process is important in that it identifies, 

and, to the extent possible, quantifies the uncertainty associated the entire process (problem formulation, 

data analysis and risk characterization). The uncertainty introduced into the risk assessment process stems 

from three sources: 1) imperfect knowledge of things that should be known, 2) systematic errors (e.g, 

computational, data, or analytical transformation errors), and 3) nonsystematic errors (i.e., random or 

stochastic errors) and variability in the system being assessed (Solomon et. al, 1996). A detailed discussion 

of uncertainties associated with the assessment process is contained in Section 3.4. This section focuses 

on uncertainties and assumptions that should be considered when interpreting the results of the ecological 

risk assessment performed at the Area A Weapons Center. 
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As noted above, it was conservatively assumed that the site use factors for both the shrew and the red-tailed 

hawk equaled 100%. As discussed in Section 8.3.6, the Area A Weapons Center is relatively well-developed 

and much of the area is paved. These factors reduce the possibility that ecological receptors will come into 

contact with soil contaminants. The assumption that the Area A Weapons Center supports ecological 

receptors with ready access to site contaminants results in an overestimation of risk. In addition the lack 

of desirable habitat, the areal extent of the Area A Weapons Center is much smaller than that of the red- 

tailed hawk. The area encompassed by the site (approximately 2.5 ha) is 4.2Oh of the red-tailed hawks 

home range (home range = 60 ha - 160; Table 3-27). Therefore, even if this site served as a potential 

source of prey, it is too small to support this receptor. When the size of the Area A Weapons Center is 

factored into the HI calculations for this species, the resulting values are less than 1.0. These results, 

coupled with the fact that this site provides little habitat, suggests that contaminants detected in this location 

are unlikely to represent an actual risk to this receptor. 

The shrew’s home range (0.1 - 0.22 ha) is much smaller than that of the red-tailed hawk and could be 

encompassed within the boundaries of the Area A Weapons Center. Therefore, aside from the limited nature 

of the habitat, the assumption that the shrew could forage exclusively in this area is appropriate. However, 

as indicated above, it was also assumed that this receptor exclusively consumed contaminated prey. It is 

much more likely that the shrew would feed on contaminated and uncontaminated prey, which would reduce 

its exposure to site contaminants. This assumption therefore results in an overestimation of risk. 

Uncertainty is also associated with characterizing the toxicity of contaminants detected at this site. The 

ecological risk assessment determined that a number of inorganic contaminants present in surface water 

samples collected from the Area A Weapons Center produced HQ values in excess of unity for aquatic biota. 

The benchmark values used to characterize risks to aquatic biota (e.g., chronic ambient water quality 

criteria) were deliberately conservative and tend to overestimate risks. For instance, ambient water quality 

criteria are based on total contaminant concentrations (measurement includes bound and dissolved 

contaminants) rather than dissolved (i.e., more biologically available) contaminant concentrations. 

Furthermore, the ambient water quality criteria for metals and other contaminants are primarily based on the 

results of laboratory toxicity tests. Metals used in these tests are typically in the form of simple salts that 

are added to relatively clean (e.g., laboratory grade) water. Contaminants in these laboratory toxicity tests 

are generally more bioavailable than contaminants present in ambient water that typically contains significant 

concentrations of binding agents. These laboratory test conditions contribute to the conservative nature of 

ambient water quality criteria. 

Conservative benchmark values were also used to assess risks to benthic macroinvertebrates exposed to 

contaminated sediments. Contaminants resulting in the highest HQ values included gamma chlordane, 
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endrin aldehyde, DDTR, and several other pesticides. The methods used to characterize ecological risks for 

benthic organisms were those reviewed and approved by USEPA’s Science Advisory Board for establishing 

sediment quality criteria for nonpolar organic chemicals (Equilibrium Partitioning; USEPA, 1993). This 

method depends on the sediment organic content, chronic ambient water quality criteria, and Qcs. bcs 

were calculated from hws for these organic contaminants using the regression equation listed in Section 

3.4. Therefore, the reliability of the site-specific benchmark value for an organic contaminant depends 

directly on the reliability of the Kows for these contaminants. Measured G,,,s for most organic chemicals 

reported in the literature are highly variable - a range of two orders of magnitude is not unusual (USEPA, 

1993). Investigations by USEPA have determined that newer methodologies for measuring s, (i.e., the 

generator column and the slow stirring methods) appear to produce reproducible, accurate results, whereas 

values generated using older methods of measurement were highly variable. The Kows used to calculate 

the site-specific sediment benchmark values were those reported in Table 3-2 of this report and compiled 

by USEPA in Appendix IX to 40 CFR Part 284, September, 1992. Uncertainty associated with these values 

would be reduced if it could be determined whether or not the generator column or slow stirring methods 

were used to generate the Kows used in these calculations. Alternatively, K,, values generated by the 

USEPA Research Laboratory in Athens, GA and summarized in an unpublished USEPA internal report 

(USEPA, 1995b) might be used to perform these calculations and reduce the uncertainty associated with 

these calculations. 

In addition to the K,,,,,, the site-specific organic sediment benchmark values also depend on the reliability 

of the ambient water quality criterion. The Federal and State of Connecticut chronic ambient water quality 

criteria (CAWQC) for DDTR are the same (0.001 pg/L) and were generated using aquatic toxicity data 

available in 1980 (USEPA, 1980). This CAWQC was used in the calculations performed to predict site- 

specific benchmark values protective of benthic organisms. This values is protective not of aquatic biota 

but of sensitive vertebrate (i.e., the brown pelican) receptors. It is possible that this value may be too 

conservative for aquatic biota, resulting in an overestimation of the actual risks to these receptors. 

Finally, it should be noted that the Equilibrium Partitioning Method (EqP) is based on the assumption that 

the amount of sediment organic carbon and the bulk sediment organic contaminant concentrations are 

related. However, EqP assumptions are only approximately true; therefore, predictions based the model 

are inherently uncertain. This uncertainty reflects the inherent variability in the experimental results used to 

test the model and the fact that various phenomena have not been accounted for by the model (USEPA, 

1993). 

While inorganic contaminants were present in excess of conservative sediment benchmark values, no 

additional data were available to assess the biological availability of these contaminants (i.e., acid volatile 
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sulfide concentrations were not measured). Without these data, it is not possible to determine whether 

inorganics, rather than organic contaminants, represent a greater potential risk to benthic 

macroinvertebrates. Regardless of the uncertainties associated with the benchmark values used to assess 

the potential risks to aquatic biota, it should be borne in mind that the Area A Weapons Center waterbodies 

are actually ditches that are typically dry and do not support aquatic biota. The assumptions used in this 

assessment therefore result in an overestimation of risk to these organisms. 

Uncertainty is also associated with the biological availability of soil organic contaminants. None of the 

samples collected from this site were analyzed for TOC. In the absence of site-specific data, the lowest 

concentration of TOC measured in samples collected from the Area A Downstream Watercourses and OBDA 

(TOC = 13,000 mg/kg) was used to predict BAFs for organic contaminants present in surface soil. It is not 

known if this value over or under represents actual TOC concentrations at the Area A Weapons Center or 

how well the predicted earthworm BAFs for soil organics represent actual BAFs. 

It was determined that aluminum contributed most significantly to the potential risks calculated for terrestrial 

vegetation. According to Will and Suter (1994), aluminum exerts a toxic response in terrestrial vegetation 

by interfering with cellular division in roots, decreasing root respiration, binds with phosphorus so that it is 

not biologically available, interferes with the uptake of essential nutrients (calcium, magnesium, phosphorus) 

and water, and disrupts enzyme activity. Seedlings are more susceptible to the effects of aluminum toxicity 

than are older plants (Will and Suter, 1994). 

The aluminum benchmark value used to determine if this metal represented a potential risk to terrestrial 

vegetation was taken from Will and Suter (1994). The benchmark is based on the results of a single study 

that documented a 30% reduction in white clover seedling establishment when 50 mg/kg aluminum was 

added to a sandy loam soil with a pH of 5.0. Because only a single study describing the phytotoxicity of 

aluminum could be identified, the confidence in this benchmark, and therefore the conclusions regarding 

the potential impacts of aluminum on vegetation within the Area A Weapons Center, is limited. 

It was determined that antimony contributed most significantly to the HIS calculated for both the shrew and 

red-tailed hawk (Tables 8-24 and 8-25). Antimony is commonly employed in the manufacturing of alloys, 

armaments (e.g., bullets), fireworks, coating metals, etc, (Merck Index, 1989). As summarized in Appendix 

H, environmental leaching is low and antimony does not appear to concentrate in fish or other aquatic 

organisms. The use of a bioaccumulation factor of 1 .O to account for the uptake of antimony from soil by 

earthworms therefore contributes to the conservative nature of this risk assessment. Studies conducted on 

moles, shrews, and rabbis collected from near a smelter also indicate that although the amount of antimony 
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measured in various organs was elevated, it was low compared to the amount of antimony ingested. These 

results indicate that antimony does not appear to biomagnify in food chains (ATSDR 1992). 

Antimony is regarded as a nonessential metal and is easily taken up by plants if present in soluble forms 

(Kabata-Pendias and Pendias, 1992). Other than a general, qualitative description of the appearance of 

plants grown in antimony-contaminated soil, no other information exists on the phytotoxic effects of this 

metal. in animals, antimony is similar to arsenic in its general effects and in its affinity for suifhydtyi groups 

in enzymes. By binding to suifhydryi groups, antimony and arsenic disrupt oxidative phosphorylation, 

consequently producing widespread impacts. Target organs include the cardiovascular system, the 

gastrointestinal tract, the kidneys, skin, nervous system, and liver (Ellenhorn and Barceioux, 1988). 

z- 

As summarized in Table 3-l 7, the endpoint (NOAEL) used to assess risks to terrestrial vertebrates associated 

with exposure to antimony were based on a study summarized in Opresko et. al (1994). This study reported 

the results of a laboratory toxicity test conducted on female mice exposed to a single concentration of 

antimony (5 mg/kg antimony potassium tartrate) administered orally in drinking water. This form of antimony 

has been used as a mordant in the textile or leather industry or as a veterinary therapeutic agent for the 

treatment of parasites (Merck index, 1989). Because the form of antimony detected in samples collected 

from the Area A Weapons Center is not known, the degree to which the benchmark based on these test 

results accurately reflects antimony’s toxicity can not be determined. 

The study performed on female mice extended for more than a year. The results of the test therefore 

represent the effects of long term chronic exposure and are consistent with the assumption that exposure 

to site contaminants is also probably chronic. Chronic exposure to antimony resulted in a decrease in the 

median lifespan of female mice. Because only one concentration tested in the study, the resulting LOAEL 

values were converted to NOAEL values by multiplying by 0.1. No studies concerning the toxicity of 

antimony to bird species could be located. Therefore, to evaluate the potential risks of this contaminant to 

avian receptors, conversion factors were applied to the mammalian test results. The use of conversion 

factors to extrapolate from LOAELs to NOAELs and from mammalian to avian toxicity endpoints contributes 

to the uncertainty associated with the results of this risk assessment. 

a.8 COMPARISON OF SITE DATA TO CONNECTICUT STANDARDS 

Analytical data for the Area A Weapons Center were compared to Connecticut drinking water standards, 

remediation standards (CTDEP, January 1996), and Water Quality Standards (1992). Tables summarizing 

the comparison of site data to Connecticut standards are provided in Appendix F.7. These tables, which 

follow the quantitative risk assessment spreadsheets in the cited appendix, identify, on a media-specific 
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basis, those chemicals detected at concentrations in excess of state criieria. Maximum and average 

chemical concentrations are presented in the summary tables. Although the maximum concentration of a 

chemical may exceed an associated state criteria, the distribution of the chemical in the medium is also 

important with respect to decision making. Therefore, the average chemical concentration was included to 

provide some information on the potential distribution of the chemical. A brief narrative of the findings of 

this qualitative analysis is provided in the remainder of this section. 

Site-specific soil data were compared to Connecticut remediation standards for direct exposure and pollutant 

mobility. Direct exposure criteria for residential exposure were used to conservatively evaluate potential 

exposure to soil at the site. The following chemicals were found at maximum concentrations exceeding the 

state remediation standard for direct exposure under residential land use: 

0 Benzo(a)anthracene 

0 Benzo(a)pyrene 

0 Benzo(b)fluoranthene 

0 Arsenic 

To address concerns regarding migration of chemicals from soil to groundwater, site soil data were 

compared to Connecticut remediation standards for pollutant mobility. The groundwater classification for 

the Area A Weapons Center is GB, which indicates that although the State recognizes that groundwater may 

not meet GA criteria at this time, the goal is to restore groundwater to GA quality. The list of chemicals 

reported at maximum concentrations exceeding the GB pollutant mobility criteria consists of: 

l Benzo(a)anthracene 

0 Benzo(a)pyrene 

0 Benzo(b)fluoranthene 

A qualitative evaluation of the TCLP analytical results for the site soil samples (in relation to state pollutant 

mobility criteria for inorganics and PCBs) is provided in Table 8-4. No exceedances of GB pollutant mobility 

criteria were observed for these chemicals. 

Analytical groundwater data for the site were compared to Connecticut MCLs and remediation standards 

for groundwater and surface water protection. Thallium was the only chemical detected in the unfiltered 

groundwater samples at a maximum concentration exceeding the state MCL. Antimony was detected at 

a concentration in excess of the state MCL in unfiltered groundwater samples. Manganese was detected 

in the unfiltered and filtered groundwater samples at maximum concentrations exceeding the 5 mg/L 
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Connecticut Department of Public Health and Addition Services Action Level. Maximum concentrations of 

sodium in the unfiltered and filtered groundwater samples also exceeded the State Notification Level of 

28 mg/L. 

8 Maximum groundwater concentrations (unfiltered and/or filtered) for the following chemicals exceeded the 

Connecticut remediation standards for groundwater protection: 

0 Bis(2-ethylhexyl)phthalate 

0 Antimony 

0 Lead 

0 Thallium 

It should be noted that the groundwater protection criieria are applicable for GA or GAA designated 

groundwater and are also used to protect existing groundwater regardless of the classification. 

Since groundwater at the Area A Weapons Center eventually discharges to a surface water body (i.e., Area 

A Wetland), site-specific groundwater data were also compared to Connecticut remediation standards for 

surface water protection. Those chemicals found at maxima exceeding the surface water protection criieria 

are, as follows: 

0 Arsenic 

0 Lead 

For surface water, a qualitative analysis of risk associated with the site data was conducted using 

Connecticut Water Quality Standards for and human health, which are similar to Federal AWQC. The only 

chemical reported at a maximum exceeding the state AWQC for the consumption of organisms and/or water 

and organisms was arsenic. 

Sediment samples were also collected at the site. No state criteria are available to address potential 

exposure to this medium. Site-specific sediment data were compared to Connecticut remediation standards 

for soil (i.e., for direct exposure and pollutant mobility) to provide some qualitative indication of the risks 

associated with sediment from the state’s perspective. Maximum detections of the following chemicals were 

in excess of direct exposure criteria for residential land use: 

0 Benzo(a)anthracene 

0 Benzo(a)pyrene 
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a Benzo(b)fluoranthene 

0 Arsenic 4 

It should be noted that, in general, direct exposure to sediment is expected to occur on a less frequent basis 

than exposure to soil. Consequently, the qualitative analysis for this medium is regarded as conservative. 

Sediment chemicals reported at concentrations exceeding the soil pollutant mobility criteria for a GB 

designated area are, as follows: 

0 Benzo(a)anthracene 

0 Benzo(a)pyrene 

0 Benzo(b)fluoranthene 

0 Benzo(k)fluoranthene 

8.9 SUMMARY AND CONCLUSIONS 

This section presents a summary of major findings of the Phase II RI for the Area A Weapons Center. A 

summary of the nature and extent of contamination is provided in Section 8.9.1. Sections 8.9.2 and 8.9.3 

summarize the baseline human health risk assessment and ecological risk assessment for the site 

respectively. Section 8.9.4 summarizes the comparison of site data to state standards and Section 8.9.5 

provides recommendations regarding additional action or investigatory efforts for the site. 

-; 

8.9.1 Nature and Extent of Contamination 

Organic and inorganic chemicals were detected in the various media samples at the Area A Weapons 

Center. The most prevalent chemicals detected included phthalate esters and PAHs. Volatile organic 

chemicals were also detected, but the concentrations were typically quite low. The highest detection of a 

volatile organic chemical in soil was 690 pg/kg (acetone), with most other volatile organic concentrations 

being much lower. By contrast, PAHs were detected at concentrations ranging as high as 5,700 pg/kg in 

the soil matrix. 

Analytical results for groundwater samples indicate that little impact on groundwater has occurred as a result 

of surficial contamination at the site. Few organic chemicals were detected in groundwater, and all 

concentrations were 12 pg/L or less. However, a few metals (most notably manganese at a maximum 

concentration of 6,540 pg/L) were detected at elevated concentrations in the groundwater samples, 

D-01-95-10 8-28 CT0 129 



Revision 1 
March 1997 

Similarly, surface water results indicate that little impact on surface water quality has occurred. The only 

organic chemicals detected in surface water were di-n-octylphthalate and butylbenzylphthalate (both 2 pg/L 

or less). 

Sediment analytical results are consistent with those for the soil samples; PAHs were detected in sediment 

samples from the three drainage areas at concentrations ranging as high as 6,900 pg/kg (fluoranthene and 

pyrene). Other organics detected in sediment samples included pesticides (e.g., endrin aldehyde at 

140 pg/kg), trichloroethene (22 pg/kg), and methylene chloride (22 pg/kg). The most pervasive and 

concentrated chemicals detected in solid matrices at the site were PAHs, which are ubiquitous chemicals 

often associated with the use of asphalt paving materials or automobile or stack emissions. Numerous 

metals were also detected in sediment samples, with elevated concentrations of a few metals (most notably 

cadmium, lead and manganese). 

Overall, the analytical data indicate that minimal contamination other than that which is often found in urban 

and industrial areas exists at the site. Furthermore, the data for surface water and groundwater samples 

indicate that the site is not acting as a source of contamination for downstream or downgradient locations. 

8.9.2 Baseline Human Health Risk Assessment 

Three potential receptor groups were considered for the Area A Weapons Center based on current and 

projected future land use. These include full-time employees, construction workers, and potential future 

residents. Both noncarcinogenic and carcinogenic risk estimates were generated for these receptor groups. 

Noncarcinogenic risk estimates for the full-time employee and the construction worker for the CTE were less 

than one. Noncarcinogenic risks for the RME construction worker and potential future residents (CTE and 

RME) exceed the USEPA acceptable level of one. Future residents are assumed to use groundwater as a 

potable water supply, whereas construction workers are exposed to groundwater via dermal contact only. 

The majority of the noncarcinogenic risks are associated with exposure to manganese in groundwater, which 

is a commonly found naturally occurring metal. Arsenic and thallium are additional noncarcinogens of 

concern for the future resident exposed to groundwater. Incremental lifetime cancer risks except for the 

RME future resident, were less than 1 E-6 or within the USEPA’s acceptable target risk range of 1 E-4 to 1 E-6. 

Carcinogenic risks for future residents are primarily attributable to the presence of dibenz(a,h)anthracene 

and arsenic. 

- 
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8.9.3 Ecological Risk Assessment 

As described in Section 8.7, the Area A Weapons Center currently represents an undesirable wildlife habitat; 

the site is well-developed and characterized by buildings, weapons storage bunkers, paved areas between 

the bunkers and maintained lawns. Drainage ditches in this area typically to not contain standing water for 

any extended period of time and currently do not support an aquatic community. However, the Area A 

Weapons Center does border areas that do represent a potential wildlife habitat. Using the conservative 

assumptions discussed in Section 3.4.4.2, both the maximum and average concentrations of contaminants 

detected in surface water, sediment, and surface soils collected from this site exceeded benchmark values 

protective of various aquatic and terrestrial ecological receptors. The results of these comparisons indicate 

that chemicals associated with this site could adversely impact aquatic biota, terrestrial vegetation, and 

terrestrial vertebrates if present. However, none of the chemicals detected at this site represent a risk to 

soil invertebrates. 

However, it should be noted that the primary concern with respect to soil invertebrates and heavy metal 

contaminants is not the direct impact of these contaminants, but the fact that soil invertebrates, particularly 

earthworms, can tolerate these contaminants in their tissues. This is particularly true of cadmium; these soil 

invertebrates are known to greatly concentrate cadmium relative to soil (Beyer, 1990). Therefore, although 

these results suggest that soil invertebrates are not being adversely impacted by soil contaminants detected 

at this location, it is possible that predators feeding on these organisms may be exposed to soil 

contaminants concentrated in their tissue. 

The results of the ecological risk assessment indicate that with the exception of soil invertebrates, organisms 

using this area would potentially be at risk, assuming that the Area A Weapons Center provided habitat and 

forage for terrestrial receptors. However, because of the current conditions associated with this site, actual 

risks to ecological receptors are likely to be much less then those calculated for this area. For instance, the 

results of this conservative assessment indicated that terrestrial vegetation would be adversely impacted. 

However, the site does support a well-established lawn. Areas bordering the Area A Weapons Center (e.g., 

the nearby upland coniferous/deciduous forest) do represent a desirable habitat for wildlife. Organisms 

inhabiting this area may come in contact with surface water, sediment, or soil while moving through the area . 
to forage in the nearby Area A Wetland or upland areas. While potentially exposed to soil contaminants, 

this exposure is much more limited than that considered in this evaluation (see Section 3.4.4.2 for exposure 

assumptions), thereby reducing the actual ecological risks associated with this site. When the current site 

conditions are factored into this evaluation, it is concluded that the Area A Weapons Center represents little 

potential risk to ecological receptors that might utilize this area. However, it should be noted that, due to 
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potential transport from this site, contaminants associated with the Area A Weapons Center may be 

impacting organisms inhabiting the Area A Wetland. 

8.9.4 Comparison of Site Data to State Standards 

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in 

Section 8.8. All soil chemicals reported at maxima in excess of Connecticut remediation standards for 

pollutant mobility were identified as COCs in the baseline human health risk assessment. 

For groundwater, almost all of the chemicals found at concentrations exceeding state standards were 

retained as COCs in the baseline human health risk assessment, except for bis(2-ethylhexyl)phthalate and 

sodium. No dose-response parameters are available for sodium, and it should be noted that the applicable 

state standard for this chemical is a Notification Level for a drinking water source. Although the maximum 

detection of bis(2-ethylhexyl)phthalate exceeded the groundwater protection criteria, the maximum 

concentration of this chemical was less than the risk-based COC screening level. 

-- 

Surface water and sediment data were also compared to state standards. With respect to state AWQC for 

human health, only arsenic was found at a maximum exceeding the applicable criteria. This chemical was 

identified as a COC for surface water in the human health risk assessment. For sediment, 

benzo(k)fluoranthene was reported at a maxima exceeding the pollutant mobility criteria, but was not 

retained as a COC in the human health risk assessment. Although the maximum of this chemical was less 

than the risk-based COC screening criteria for soil ingestion, this chemical may migrate to groundwater and 

potentially impact water quality. 

8.9.5 -Recommendations 

It is recommended that this site proceed to a Feasibility Study (FS) to evaluate a “limited action” effort 

consisting of a groundwater monitoring program and possibly access/use restrictions. This 

recommendation for the Area A Weapons Center is based on the following supporting information: 

0 The potential exists for contaminants to migrate from the site to the Area A Wetland and impact 

ecological receptors. Although notable levels of contamination have been detected in soils and 

sediment at the site, the most prevalent contaminants detected included phthalate esters and 

PAHs, which are relatively less soluble compounds, and are therefore, less mobile. Volatile 

organic chemicals were detected at low concentrations, with the maximum detected volatile 

organic concentration in soil of 690 pg/kg (acetone in one sample). Elevated concentrations 
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of PAHs were detected in one of the Area A Wetland sediment samples (2WSD9) which was 

located in a drainage ditch exiting the Area A Weapons Center. Although this suggests that the 

Weapons Center is a contaminant source, it is believed that the contamination is limited in 

extent. This is supported by the fact that Weapons Center sediment sample 2WCSD11, which 

is located immediately adjacent to 2WSD9, only exhibited marginal concentrations of PAHs. 

l Analytical results indicate minimal contamination of surface water and groundwater. The only 

organic compounds detected in surface water were di-n-octylphthalate and butylbenzylphthalate 

(both at concentrations of 2 pg/L or less). Few organic compounds were detected in 

groundwater samples at the site, and all concentrations were less than 12 pg/L. Manganese 

has been detected in groundwater at elevated concentrations at the site, however this finding 

is consistent with the frequent detection of this chemical element at numerous other sites at the 

facility, and in the proximate Thames River. 

0 Low human health risks are associated with the site, based on the current land use scenario. 

The noncarcinogenic risk estimates were all below the USEPA acceptable level of one for the 

full-time employee and the construction worker under the CTE and above one for the 

construction worker under the RME and potential future resident. The calculated incremental 

lifetime cancer risks were all less than 1 E-6 or within the USEPA acceptable target risk range of -w 

1 E-4 to lE-6, for all scenarios except the RME future resident. The elevated risks to the 

construction worker and future resident are primarily attributable to exposure to groundwater 

beneath the site. It is unlikely that the future residential and construction worker scenarios that 

were evaluated would occur under future land use. It is required (per OSHA standards for work 

on hazardous waste sites) that health and safety measures (i.e., personal protective equipment 

and monitoring) .be instituted to minimize direct soil and groundwater contact during future 

construction. Therefore, following these health and safety measures would lower the risk to the 

construction worker to acceptable levels. It is also unlikely that a future resident would contact 

groundwater beneath the site due to the availability of public water. Eliminating exposure to 

groundwater beneath the site would therefore lower the risk to USEPA acceptable levels. 

Furthermore, the majority of noncarcinogenic risk to the future resident and construction worker 

is attributable to exposure to manganese, which is a commonly found naturally occurring metal. 

0 The Area A Weapons Center consists of a well developed area that is characterized by buildings, 

bunkers, paved areas, and lawns. These features represent an undesirable wildlife habitat. 

Therefore, it is highly unlikely that organisms inhabiting the area around the site would spend a 

significant amount of time at the site. Although the ecological risk assessment concluded that 
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chemicals at the site could adversely impact ecological receptors, the evaluation performed used 

highly conservative assumptions and the actual risks would be significantly lower. In addition, 

none of the chemicals detected at this site represent a risk to soil invertebrates. When the 

current site conditions are factored into this evaluation, it is concluded that the Area A Weapons 

Center represents little potential risk to ecological receptors. 

The exact extent of the “limited action” alternative will be developed during the FS phase of this project. 

Groundwater monitoring will likely be the major process option in any limited action remedial alternative 

developed for the Area A Weapons Center; however, access/use restrictions on certain media at the site 

may be used to augment monitoring in certain limited action plans. The FS will evaluate “limited action” 

alternatives (for instance, monitoring with and without access/use restrictions) as well as a “no action” 

alternative and one or more “active remediation” alternatives. A “limited action” alternative may only be 

implemented at the Area A Wetland Site if it compares favorably in the feasibility study to other “no action” 

and “active remediation” alternatives. 
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TABLE 8-1 cl 
b 

8 

s 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE I RI 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Sample ID 

SOIL 

Sample Analysis 

Depth Target Compound List (TCL) TAL 
(feet below 

ground) 
Metalsftl TCLP”) Radiological(41 

Volatiles Semivolatiles Pesticides 1 PCB”’ (Total) 

2WMW4 (O-2) o-2 . (5) 0 0 0 0 0 

GROUNDWATER 

012491- I -- I 0 I 0 I l I 0 
2WMW4D IV I . 

1 Polychlorinated biphenyls. 
2 Target Analyte List Metals plus boron and cyanide. 
3 Toxicity Characteristic Leaching Procedure (TCLP) for metals and pesticides. 
4 Radiological analyses include gross alpha and gross beta analyses. 
5 0 - Indicates samples analyzed at a fixed-base laboratory. 
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TABLE 8-2 (Continued) 
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - PHASE II RI 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Sanqda Ill 

Sample 

bth 
ffwt below 

WOWNIl Volatiles 

Analysis 

Target Compound List fTCL) TAL Mrtalsf’l 

I PC@ 
TCLPO’ DioxinlU 

Semivolatiles Pesticides 
Eqfinearitqf@ Radiologioa~ 

Total Diveolved 
I I 1 I I I I I I I I I I 

ROUND i? . GROUNDWATER 

2WCGWl.S2 _ _ 0 l 0 0 

2WCGW2S-2 __ 0 0 0 0 

2WCGW3.S2 _ _ 0 0 0 0 

2WGW4D-2 _ _ 0 0 l 0 0 

6 Radiological analyses include gross alpha and beta and complete gamma spectrum analyses. 
7 0 - Indicates samples analyzed at a fixed base laboratory. 
8 2WCMW3.S1618-D is a field duplicate of 2WCMW3S1618. 
9 2WCTB2-0002-D is a field duplicate of 2WCTB2-0002. 
10 2WCGWl S-D is a field duplicate of 2WCGWl S. 
11 2WCSD14-D is a field duplicate of 2WCSD14. 

TAL Metals plus boron, Water samples were also analzyed for hardness. 
Polychlorinated biphenyls. 
Toxicity Characteristic Leaching Procedure (TCLP) for metals only. 
Dioxin analyses includes dioxins and dibenzofurans as specified in U.S. EPA CLP SOW DFLMO1.O. 
Engineering characteristics for sediments include grain size distribution, moisture content, specific gravity, organic content, cation exchange capacity, pH, and total 
organic carbon content. 



TABLE 8-3 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSWULON; GROTON, CONNECTICUT 

SAMPLE NUMBER: I2WCMW36.1616 2WChfW3S-16lEO 2WCTBMCO2 2WCTB2MXIZ-D 
DEPTH (feet): 16- 18 16-18 o-2 o-2 
LOCATION: 2wCMW3S zwCMW3S 2WCTB2 2WCT02 
ZONE: DRAINAGE- ,I DRAINAGE-1 DRAINAGE-l DRAINAGE-l 
SAMPLE DATE: 02l2Ol94 02LZOl94 01119/94 ot1t9l94 
INVESTIGATION: PHZ-1 PH2-1 PHZ-1 PHZ-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB 
STATUS: 

2WCTB30406 

4-6 

2WCT03 
DRAINAGE-l 
Olll9i94 
PHZ-1 
GRAB 

2WCT850608 

6-6 

ZWCTBS 
DRAINAGE- 1 
01119t94 
PH2-1 
GRAB 

2wCTB6 
DRAINAGE-1 
Otl2W94 
Pfi2-1 

GRAB 

I 
VOIATILES (UomG) 

2-BUTANONE 17 u I 17 u I 11 u I 11 u ---Tr-- 40 240 J 

ACETONE 
.- 
17 u 3OU 12 u 11 u 160 u 160 u 690 1 ’ 

CARBON DISULFIDE 11 J 6J 11 u 11 u 17 u 17 u 14UJ TOLUENE 17 u 17 u , 

11 u 11 u 2J 17 u 8J 
TRICHLOROETHEN’ m- . . -2 . . .- I 

L 
SFMWM dTM GC ftk .---..LL” ,“kw) 

I II u I II u I 11 u I 11 u I 17 u I 17 u I 3J J 

iTHYLNAPHTHALENE I 56OlJ I 56OU I 750 u I 1100 u I 55OU I 570 u I &In II I 

--... 
Z-ME I .-- - 

ACENAPHTHENE I 56OU 56OU I 140 J 1100 u 550 u 570 u 46OU 

ACENAPHTHYLENE 56OU 56OU 750 u 1100 u 55OU 570 u 460U 
ANTHRA CENE I 560U I 56olJ I I 54llJ - _- - ~ I I 6OOJ 3OJ 570 u 5OJ 

BENZO(A)ANTHRACENE 560 UJ 31 J 1300 I (2100 140 J 79 J 22OJ 

BENZO(A)PYRENl 
! ! ! 

E 29J 200 J 1300 tscn I 180 J 100 J 26OJ 

BENZO(l3)FLUORI INTHENE 560 UJ 29J 2300 32 vo 210 J 2OOJ 370 J 

BENZO(G,H,I)PER YLENE 56OU 56oU 770 ..- 9 6OJ 96J 60J 140 J 

BENZO(K-)FLUORANTHENE 29J SW UJ 750 u 1100 u 2UOJ 570 u 2filJ 

BENZOIC ACID 77J 56J 3600 UJ 5400 UJ 370 J 48OJ 3OOJ 

8lS(2-ETHYLHEXYL)PHTHAlATE 56OlJ 56OU 750 u 4COU 55D.U 570 u 48OlJ 

CARBAZt 3LE I 56oU I 56OU I 4DOJ .-- - I 720 J I 55ol.l I 570 u I 480U 

CHRYSENE SW UJ 35 J 1400 2300 220 J 130 J 320 J 
DI-N-OCNL PHTHAIATE 56oU 560 UJ 750 u -. 

11aY u sso u 29J 69 J 

Dll3ENZO(A,H)ANTHRACENE 56OU 56OU 450J 570 J 550 u 570 u 66J 

DIBENZOFURAN 560U 56OlJ 04 J 1100 u 55OU 570 u 46OU 

DIETHYL PHTHALATE 560U 56OU 750 u 1100 u 28 J 570 u 32 J 
--- 

220 J 160 J 4OOJ 

FLUORENE I 56OU ! 56ol.l I 160 J I 140 J 1 550 u 570 u 460U -5 

INDENO(l ,P&CD)PYRENE I !%I 3U ! 56OU ! 760 I II WOJ I 110 J 56J 160 J -3 

PHENANTHRENE 56OU ! 56oU ! 2400 I 
3 

4200 110 J 97 J 190 J 

PYRENE I SOJ I 63J I I 4cJoD 

! 

I 3!!! J 190 J SM 

PESTlcII1--.. --- YSIPCEI IIyu<cIt 
,--.- -, ,-l 

1 FLUORANTHENE ! 32 J ! 45J ! 32Do ! 5700 I 

1 4,+-DDE I !56U I !XlJ I 4J I 7.4 J 1 I I I 



TABLE 8-3 
SUMMARY OF POSlTlVE SOIL ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSi3-NLON; GROTON, CONNECTICUT 

DEPTH (feet): 

LOCATION: 

ZONE: 

SAMPLE DATE: 
INMSTlGATlON: 

2WCTE6WO 

8-10 

2wCT86 

DRAINAGE-1 
O1t2W94 
PH2-1 
GRAB 

AN1 -- - 

BENZO(A)ANTHRACENE 1 
I 

560 UJ 1 31 J ! 1300 ! 2100 I 140 J I 79 J 1 ’ 220J 

BENZO(A)PYRENE I 29J I 260 J I 1300 I 1800 I 160 J I 100 J I 260J 

IIFLUORANTHENE 560 UJ 29J 2300 3200 210 J 370 J I 

)IC ACID 77J 56J 3600 UJ 5 

I CARBAZOLE I .56OU I 560U I 400J I 7m J I 570 u I 48OU I 

PHENANTHRENE I 56OlJ I 56OU I 2400 I 4200 I 110 J I 97 J I 190 J ;;a 

PYRENE 5OJ 63J 2500 4mo 310 J 190 J 500 
PESTlCIDESPCBs (UQ/UQ) 

gs 
-ld 

4$-DDE I 56U I !i6U I 45 I 7.4 J I I I 
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TABLE 8-3 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSWNLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2WCMW3S1618 ZWCMW3S-1618-D ZWCTB2-ooo2 2WCTB2M302-D 
DEPTH (feet): 16- 16 16- 16 o-2 o-2 
LOCATION: 2wCMW3S 2wCMW3S 2WCTB2 ZWCTB2 
ZONE: DRAINAGE-l DRAINAGE-1 DRAINAGE-1 DRAINAGE-1 
SAMPLE DATE: 02QOl9.l 02t2Oi94 01119194 01119l94 
INVESTIGATION: PHZ-1 PHZ-1 PHZ-1 PH2-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB 
STATUS: 

2WCTB3-0406 2WCTB50608 

4-6 6-6 

2WCTB3 2WCTB5 

DRAINAGE-1 DRAINAGE-1 

01119l94 01119l94 

PH2-1 PH2-1 

GRAB GRAB 

2WCTB6-0610 

6-10 

2wCTB6 

DRAINAGE-1 

01/20/94 

PH2-1 

GRAB 

AROCLOR-1260 !XOlJ !%OU 370 u 370 u 

ENDRIN 56U 56U 11 J 14 J 

ENDRIN ALDEHYDE S6U S6U 75 37 u 
INORGANKX (MGIKG) 
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TABLE 8-3 
SUMMARY OF POSITIVE SOIL ANALYTICAL RESULTS 
STUDY AREA H -AREA A WfAPONS CENTER; NW-NLON: GROTON. CONNECTICUT 

LOCATION: 

ZONE: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

CARBON DISULFIDE 

TOLUENE I SU I 11 U (ro 1 10 u 1 13 u 1 11 u 1 
iTHENE I 5U I 11 u I 10 u I 10 u I 13 u i 11 u -- . ..-__-. I I 1 TRICHLOROE 

SEMIVOLATlLts (UG/MG) 

2-METHYLNAPHTHALENE 

,- ~ 

I 350 u I 350 u 1 S4J 

1 ACENAPHTHENE I ~350 u 1 350 u I XiOU I 
ACENAPHTHYLENE 350 u 350 u 31 J 

ANTHRACENE 350 u xc 

BENZO(A)ANTHRACENE 350 u L 350 u I 270 J 1 340 UJ 
BENZO(A)PYREI 

1 420 u 1 33 J 1 

365 420 u 36OU 

34OU 420 u 36OU 

34OU 420 u 36OU 

IU I 66J ! 34OU I 420 u I 36OU I I 
I 

UE ! 350 u I 350 u I 276 J I 340 UJ I 22J ! 21 J I I 
BENZO(B)FLUORANTHENE ! 3sOu ! 3sOu -1 270 J 1 340 UJ ! 420 u ! 27 J 1 1 
BENZO(G,H,I)PERYLENE 350 u I 350 u I 2005 I MCI UJ 420 u 36OU I 

1 CHRYSENE 

350 u I 350 u I 280 J I 

340 UJ 

I 

420 u 

I 

42 J 

I IIJ 350 u 69 J 420 u 360 UJ I 

4,4’-DDE I 17 u I I 35 u I 34lJ I 42 U I 36U I I 

c II 
G /I 



‘I 
I) 

4, 
.) 

E 

TABLE 8-3 
SUMMARY Of POSITNE SOIL ANALYTICAL RESULTS 
STUDY AREA H - AUEA A WEAPONS CENTER; NS&NLON; GROTON, CONNECTICUT 

SAMPLE NUMBER: 2wMW4p2) 2wCMW1Smx? 2WCTBlUX2 2WCTB602U4 
DEPTH (feet): o-2 o-2 o-2 2-4 
LOCATION: 2WMW4S 2WCMWl S ZWCTBl 2WCTB4 
ZONE: DRAINAGE3 DRAINAGE-3 DRAINAGE9 DRAINAGE-3 
SAMPLE DATE: 09l26l90 01116/94 01116l94 Olll6l94 
INVESTIGATION: PHI PH2-1 PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB 
STATUS: 

2WCTB7~10 

0-10 

2WCTB7 

DRAINAGE9 
01119i94 

PH2-1 

GRAB 

2WCTB&1012 6 

10 - 12.6 
2WCTf36 

DRAINAGE-3 
omol94 

PH2-1 

GRAB 

II 

)NY I 12.6 UR I 4.7 J I 54 J I 7.7 R I 13.2 U I 113 u 

POTASSIUM 1170 1390 J 2mo 6300 649 J 2470 

SILVER 1.7 UJ 0.43 u 0.42 U 0.42 U 0.65 J 0.49 u 

SODIUM 152 J 214 J 213 J 264 J 452 312 3 
VANADIUM 9.6 13.5 J 17.5 J 46.1 23.5 21.6 9, 

2 
1 ZINC I 19.6 J I 17.6 J I 46.5 J I 49.0 J I 27.2 J I 43.1 I J3 



TABLE 8-4 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SOIL) 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNCCTICUT 

SAMPLE NUMBER: 2WCTB5GQtl 2WMW4(0-2) 

INVESTIGATION: PHZ-1 PHI 
SAMPLE DATE: Oll19l94 09/26/90 
LOCATION: 2WCTB5 2wMw4s 
SAMPLE NPE: GRAB GRAB 
STATUS: 
m-8 D UFTA, c rue” \* 

I Y&U ,.Ib I NY ,I.IWL, 

ARSENIC (5.00.5) 0.0317 J 0.100 u 

BARIUM (1 OO.O/lO.O) 0.0317 0.0830 

CHROMIUM (5.010.5) 0.0043 J 0.05oo u 

SELENIUM (1 mO.5) 0.209 0.100 u 

E 

l Federal Toxicity Characterktic Regutatory Level (68 FR 4604S)/Connecticut Runediation Standard Pollutant Mobility Criteria for GB waters. 



E 

TABLE 8-5 
SUMMARY OF PHASE I AND PHASE II SOIL ANALYTICAL RESULTS 
SITE 20 -AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 3 

Analyte 
Surface Soil (<2 Feet) (1) Subsurface Soil (~2 Feet) (2) 

Frequency Concentration Location of Frequency Concentration Location of 
Of Range Maximum of Range Maximum 

Detection Detection Detection Detection 
VOLATILE ORGANICS (unlkn) 

SEMIVOLATILE ORGANICS lualkn) 

Benzo(g,h,i)perylene 
Benzo(kMuoranthene 

Diethyl phthalate WI ND 2l7 28-32 2WCTB6 
Fluoranthene 214 so-5700 2WCTB2 5l7 45-400 2WCTB6 
Fluorene 214 85-l 80 2WCTB2 Off ND 
Indeno(l,2,3cd)pyrene 214 170-1000 2WCTB2 3l7 56-l 60 2WCTB6 



TABLE 8-5 
SUMMARY OF PHASE I AND PHASE II SOIL ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 3 

I 
Analyte 

I Surface Soil (~2 Feet) (11 ! Subsurface Soil (~2 Feet) (2) 
Frequency 1 Concentration 1 &cation of Frequency 1 Concentration 1 Location of 

I of 1 Range 1 Maximum I of I Range I Maximum 
Detection Detection Detection Detection 

Phenanthrene z4 440-4200 2WCTB2 4l7 54-190 2WCTB6 

Pyrene 214 560-4000 2WCTB2 97 63-500 2WCTB6 
PESTlClDESlPCBs (uglkg) 

I l/3 I 7.4 1 2WCTB2 1 014 I I ND 
c),-l I 44 4” I cI\Ah--rD.3 I 

IEndrin aldehvde 
I I -- 

l l/3 I 7 I &TB2 1 ;;; I I 

Aroclor-1260 I l/3 I 50 I 2WMW4 1 di 
6.4 2WCTB7 

ND 
INORGANICS - 

lAluminum 

(mglkg) 

I I 414 
2/i 

I 4810-9560 .-.- --__ I 2WCTB2 1 7l7 9560-18200 2WCTB3 
Antimonv I 

1 1 
I 4 7-r; A I 2WCTBl I 016 I I ND I 

IArsenic 1 214 m 
Barium 
Beryllium 
Boron 

414 
3J4 
o/4 

ICadmium I -3 214 



TABLE 8-5 
SUMMARY OF PHASE I AND PHASE II SOIL ANALYTICAL RESULTS 

5 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 
PAGE 3 OF 3 

Analyte 

Sodium 
Vanadium 
Zinc 
TCLP METALS (mg/L) 
Arsenic (5.0/0.5) (4) 
Barium (lOO.O/lO) 
Chromium (5.0/0.5) 
Selenium (1.0/0.5) 

Surface Soil (<2 Feet) (1) Subsurface Soil (~2 Feet) (2) 
Frequency Concentration Location of Frequency Concentration Location of 

of Range Maximum of Range Maximum 
Detection Detection Detection Detection 

414 152-268 2WCTB2 7/7 264-7390 2WCMW3S 
414 9.8-l 8 2WCTB2 717 21.8-49.6 2WCTB3 
414 17.8-46.5 2WCTB 1 717 27.2-69.3 2WCMW3S 

O/l ND l/l 0.0317 2WCTB5 
l/l 0.0830 2WMW4 l/l 0.0317 2WCTB5 
O/l ND l/l 0.0043 2WCTB5 
O/l ND l/l 0.209 2WCTB5 

E 

1 Includes samples 2WMW4 (O-2) 2WCMWlS-0002, 2WCTBl-0002, 2WCTB2-0002, and 2WCTB2-0002-D (field duplicate of 2WCTB2-0002). 
Duplicate soil sample results are counted as one sample; maximum value is used for evaluation. 

2 Includes samples 2WCMW3S-1618,2WCMW3S-1618-D (field duplicate of 2WCMW3S-1618) 2WCTB3-0406,2WCTB4-0204, 
2WCTB5-0608, 2WCTB6-0810, 2WCTB7-0810, and 2WCTB8-1012.6. Duplicate soil sample results are counted as one sample; 
maximum value is used for evaluation. 

3 ND - Not Detected. 
4 Values in parentheses represent Federal Toxicity Characteristic Regulatory Level (58 FR 46049)/Connecticut Clean-Up Standard Pollutant 

Mobility Criteria for GB Waters. 



TABLE 6-6 

Revision 1 
March 1997 

RESULTS OF OVA HEADSPACE ANALYSIS OF SUBSURFACE SOILS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Sample Location 

2WCTBi 

Date 

01 flaf94 

Sample Depth (Feet) 

00-02 

Result (PPM) 

11.0* 

2WCTBl oi/ia/94 02-04 1.0 

2WCTBl 01 /I a/94 04-06 c 1 .o 

2WCTBl 01/18/94 06-08 < 1 .o 

2WCTB4 01 /I a/94 00-02 < 1 .o 

2WCTB4 01 /18/94 02-04 c 1 .o* 

2WCMWl S 01/18/94 00-02 1 .o* 

2WCMWlS 01 /la/94 02-04 cl.0 

2WCMWl S 01 /la/94 04-06 < 1 .o 

PWCMWlS 01 /la/94 06-08 <l.O 

2WCMWl S 01 pa/94 08-10 cl.0 

2WCTB7 01/19/94 02-03 4.0 

2WCTB7 01/19/94 04-06 c 1 .o 

2WCTB7 01/19/94 06-08 < 1 .o 

2WCTB7 

2WCTB3 01/19/94 00-02 < 1 .o 

2WCTB3 01/19/94 02-04 4.0 

2WCTB5 I 01/19/94 I 02-04 7.0 

D-01-95-10 a-46 CT0 129 



Revision 1 
March 1997 

- -- 
TABLE 8-6 (Continued) 
RESULTS OF OVA HEADSPACE ANALYSIS OF SUBSURFACE SOILS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Sample Location Date 

2WCTB5 01 /19/94 

Sample Depth (Feet) 

04-06 

Result (PPM) 

cl.0 

2WCTB5 01 /19/94 06-08 7.0* 

2WCTB5 01 /19/94 08-l 0 cl.0 

2WCTB5 01 /19/94 10-12 9.0 I 
I I I I -- 

2WCTB5 01 /19/94 12-14 cl.0 

2WCTB6 0 l/20/94 00-02 c 1 .o 

2WCTB6 0 l/20/94 02-04 < 1 .o 

2WCTB6 0 l/20/94 04-06 cl.0 

2WCTB6 0 1 I20 /94 06-08 <l.O 

2WCTB6 01/20/94 08-l 0 cl.0 

2WCTB6 01/20/94 10-12 < 1 .o 

2WCTB6 01/20/94 12-14 cl.0 

* Denotes samples sent to a fixed base laboratory for analysis. 

D-01-95-10 a-49 CT0 129 



TABLE 8-7 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: mxw1s 2WCGWlS 2WCGWlSD 2wCGwlS-2 
INVESTIGATION: PH2-1 PH2-1 PH2-1 PH2-2 
SAMPLE DATE: 04lw94 04mst94 

I 

04lo5194 07111 t94 
LOCATION: 

SCREEN 0EPTl-i: 
2vbm8vvl s 2wCMwlS 2wCMwlS 2wCMwlS 
Shallow Shallow Shallow Shallow 

FILTERING: Unfiltered Filtered Filtered Untiltered 

2wCGWlS-cl 

PHZ-1 
wo5l94 
2wcMw1s 
Shallow 

Unfiltered 

2wcGw1s-2 

PH2-2 
07/11194 
2wCrmVlS 

Shallow 
Filtered 

ALUMINUM 1700 365 u 

ANTIMONY 13.0 u 

ARSENIC . 6.0 J I 7.3 
BARIUM 860 .I 73 A 

BERYLLIUM 

1 BORON 

04mii94 
2wcMw2s 

! 1.2 J I 1.0 u I 1.0 u I 1.0 UJ I 

CALCIUM 

CHROMIUM 



‘I 
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TABLE 8-7 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: I2WCGWlS 1 ZWCGWlS I2wCGWlS-0 1 M’CGWlS-2 I awxWlS-D I mxwlS-2 12WCGW2S 

INVESTIGATION: 

SAMPLE DATE: 

LOCATION: 

SCREEN DEPTH: 

FILTERING: 

INnPnAuIPc IlIf2n I 

mcMN1s 

PH2-2 PH2-1 

on1 1 I94 04l05/94 

2wCMwlS 2wcw2s 

Shallow Shallow 

Filtered Unfiltered 

HARDNESS as CaC03 I 64 I 436 I 420 I 1530 I 446 I I 124 1 



TABLE 8-7 

SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: mcGW2s 2WCGW2S-2 2wcm-2 2wcGw3s 2wcGw3s 2WcGw3s2 2WCGW3S-2 
INVESTIGATION: PHZ-1 PHZ-2 PH2-2 PH2-1 PH2-1 PH2-2 PH2-2 
SAMPLE DATE: 04m!i@l 0711 II94 07/11!94 03131194 03/31&l 07IlOt94 07/l o/94 
LOCATION: 2wcMwzs 2wcMw2s 2wcMw2s 2wcMN3s 2wcMw3s 2wcMw3s 2wcMw3s 
SCREEN DEPTH: Shallow Shallow Shallow Shallow Shallow Shallow Shallow 
FILTERING: Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered 

VOLATILES (W/L) 



“’ ,,, 
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TABLE 8-7 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER: 
SAMPLE NUMBER: 2wxw2s 

INVESTIGATION: PH2-1 

SAMPLE DATE: 
LOCATION: 2wcwv2s 

SCREEN DEPTH: Shallow 

FILTERING: Filtered 

NSB-NLON, GROTON, CONNECTICUT 
2WCGWZS2 1 zwcGw2S-2 I2wcGw3s 

PH2-2 

07/l w94 

L 2wcMw3s 

Shallow 

Filtered 

INORGANICS (UGIL) 
J 

SELENIUM 1.0 u 5.0 UJ 5.0 UJ 3.0 UJ 3.0 UJ 5.0 UJ 5.0 UJ 

SILVER 3.7 2.0 u 2.0 u 2.0 u 2.0 u 2.0 UJ 2.0 UJ 

SODIUM 67500 43900 847000 357OUOO J 356OOOOJ 

THALLIUM 10.0 UJ 50 u 5.0 u 1.0 UJ 1.5 u 5.7 J 5.0 UJ 

VANADIUM 4.0 u 30 u 1.0 u 21.6 J 4.0 u 25.3 J 3.1 J 

ZINC 8.0 U 34 u 3.7 u 52.0 14.2 J 30.5 J 2.0 UJ 

’ MISCELLANEOUS PARAMETERS (MGR) 

HARDNESS as CaC03 I 125 I 78 I I 860 I I 4ooo I I 



TABLE 8-7 

$ 
SUMMARY OF POSITIVE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNECTICUT 

e SAMPLE NUMBER: 012491-2wh4w40 2wGW4D 2wGw4D 2wGwcJ-2 2wGw4D2 

6 INVESTIGATION: PHl PH2-1 PHZ-1 PH2-2 PH2-2 
SAMPLE DATE: 01mi91 04to5t94 07llll94 07/11/94 II II 
LOCATION: 2wMw4D 2WMW40 2WMW4D 2WMW4D 2WMW4D 
SCREEN DEPTH: Deep Deep 
FILTERING: Unfiltered Unfiltered Filtered Unfiltered Filtered 

VOiAnLES (UGtL) 

I-___- 

EMNOLATILES 

. 

ALUMINUM 30.0 u 182 U 19.2 u 291 31.8 U 

ANTIMONY 25.0 u 13.0 u 18.9 12.0 u 12.9 u 

ARSENIC 3.0 u 2.0 u 2.0 u 5.0 UJ 5.0 u 

BARIUM 70.1 93.8 J 81.9 135 113 

BERYLLIUM 10 u rn II 1n II ill II 1.0 u 

1 IRON I 65.2 J I 
1 LEAD 2.0 UR I 

I 

-.- - 

MAGNESIUM 2850 3100 J 3110 3520 3460 

q 
-I 

MANGANESE 31.1 56.0 33.6 405 267 
0 
ii :::tSIUM J 18.6 1170 1330 11.0 u J 11.0 1390 u 7.0 1570 u u 192Ou 7.0 



TABLE 8-7 
SUMMARY OF POSITNE GROUNDWATER ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER: NSB-NLON, GROTON, CONNECTICUT 
SAMPLE NUMBER: 0124!mwMW4o 2wGw4D 2wGw4D mGw4r.b2 2wGw4D-2 

INVESTIGATION: PHl PHZ-1 PHZ-1 PH2-2 PH2-2 

SAMPLE DATE: o1l24i91 04m394 07llll94 07/l 1194 it II 
LOCATION: 2WMW4D 2WMW40 2WMW4D 2wMw4D 2WMW4D 

SCREEN DEPTH: NP 
FILTERING: Unfiltered UntItered Filtered Unfiltered Filtered 

INORGANICS (uon) 

SELENIUM 1.0 UJ 1.0 u 1.0 u 6.0 J 5.0 UJ 

SILVER 7.0 UJ 2.0 u 2.0 u 2.0 u 2.0 u 

SODIUM 902OJ 8270 8420 9010 9360 

THALLIUM 20 UR 1.0 u 1.0 UJ 5.0 u 5.0 u 

VANADIUM 20.0 u 4.0 u 40 u 3.0 u 10 u 

ZINC 150 J 8.8 J 75 u 200 u I 2.3 U 
RADIONUCUDES (PCM) 

GROSS ALPHA [ 10.1 +I- 3.00 1 11 +I- 2.00 J 1 1 20+/-300 I I I 
GROSS BETA 1 4.4+/-300 5 +I- 1 .oO J 1 22 +I- 2.00 
MlSCELdii’JEOUS PARAMETERS IMGII.1 . . 

? HARDNESS as CaCO3 I I 92 I 94.0 I 118 I I I I 
8 

.‘.!‘, 



Revision 1 

March 1997 

TABLE 8-8 

SUMMARY OF PHASE I GROUNDWATER ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

I Analyte I 2WMW4D I 
SEMIVOLATILE ORGANICS (ug/L) 

lBis(2-Ethylhexyl)phthalate I 2 I 

=v 

D-01-95-10 8-56 CT0 129 
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TABLE S-9 

Analyte 

SUMMARY OF ROUND l/PHASE II GROUNDWATER ANALYTICAL RESULTS 
SITE 20 -AREA A WEAPONS CENTER 
NSB-NLON. GROTON. CONNECTICUT 

Phase II - Round 1 
Shallow Wells (1) Deep Wells (2) 

Unfiltered Flltered Unfiltered Filtered 
Frequency Concentratfon Location of Frequency Concentratfon Location of Frequency Concentration Location of Frequency Concentration Location of 

of Rsnge Maxlmum of Range Mexlmum of Range Maximum of Range Maximum 
Detection 1 Detection Detectlon 1 Detection 1 Detection 1 1 Detection 1 Detection ] 1 De-te-ctlon 

rOLATlLE ORGANICS (uglL) 
,1,2-Tdchlomethane I O/3 1 1 ND (3) 1 NA (4) 111 2 2wGlwn .-- 1 - I 

I 
I 
I 

NA .“. I 

,2-Dichloroethane 1 o/3 [ [ ND 1 NA 1H 1 2bwa..- ll4l-l I , I I I I NA ._. . 

%- I r-u3 I 1 ND 1 NA 111 12 2WGWdD I - I I NA 1 
. . .” -.- ..- 

I 

;; 
-..-...- I 

i.7.nPntanane I 013 I i ND 1 I I NA I fit I 1 2WGW4D I - I I NA 1 i-Methyl _ r-..- .._.._ , -. - , 
‘richloroethene 1 013 1 1 ND [ I I NA 1 111 1 2 1 iwGu V4DI - ! I 

I 
NA 1 

;EMl”O~,JLE (?RCANlCS ,c,nll , 
,..“c....-w \“yeM, 

I I I 

.3-Dichlcmbenzer.- , ne I IIR I ..- 063 -.- I 7wC.c,WlS - -..-- I NA 1 O/I 1 I ND I NA 

benzoic acid .- I 013 I I NI 3 NA 1 III I 7 1 2WGW4D - NA 
k.m,.rl\nh#b.d~tn I ,n 1 lis Zcth Il~rA,~,v~~yl-l~I IIw , 7 L 13wc-9 , &..““..I” , I I I NA 1 t-l,, 1 I.,. , “I * , I I un ,.I , 1 I I NA a.- 

X-n-1 phthalate 1 o/3 1 1 ND 1 I I NA 1 l/l 1 2 I2WGW4DI - I I NA 
Nnl?r.ANiCS hm/Ll -..- . . . . . -- - .- 

I I rl1-4 I I un I fur I I un I I Ml-l I 

-..-.. .- 

. 1 111 I 56 1 2WGW4D 1 l/l I 33.0 1 2wGW4D 
I I ,WCWI-c I n,r I I un I n,, I I Nn 

Y, “I” , I , , , ..I , -.. , 

-a.- , -. . - -. . - s 1 013 1 I ND 1 OH 1 I ND 1 O/l 1 I ND 

nc 1 313 1 5.4-52 1 2VVCGW3S 1 113 1 14.2 12WCGW3S 1 111 1 8.8 1 2WGW4D 1 O/l 1 ND ri 
~WELLANEOUS (mgk) 
iardnessasCaC03 1 3/3 I 124-860 I 2WCGW3S 1 2/2 I 125432 ] 2WCGWlS I 111 I 92 1 2WGW4D 1 111 1 84 1 2WGW4D 1 

1 Includes samples PWCGWIS, 2WCGWiS-D (field duplicate of 2WCGWl S). ZWCGWLS. and ZWCGW3S. Duplicate groundwater sample results are averaged and counted as one sample 
2 lndudes sample 2WGW4D. 
3 NotDekcted. 
4 Not Analyzed 



TABLE B-i 0 

SUMMARY OF ROUND Z!/PHASE II GROUNDWATER ANALYTICAL RESULTS 
BITE 20 -ARM A WEAPONS CENTER 
NSB-NLON, GROTON. CONNECTICUT 

Analyte 

Phase II - Round 2 
Shallow Wells (1) Deep Wells (2) 

Unfiltarad I Fittered Untiltered I Filtered 
Fraquency 1 Concentration Locatlon of lFrequencyi Concentration 1 Location of Frequencyl Concentratton 1 Location of 1 Frequency] Concentration I Location of 

Hardness as CaCO3 1 3/3 1 78-4000 1 2WCGW3S 1 - 1 I NA 1 Ill I 118 1 2WGW4D 1 - 1 1 NA 1 

1 Includea samples LWCGWI 52, 2WCGW2B2, and 2WCGW3B2. 
2 Includes sample 2WGW4D2. 
3 ND-NotDetected 
4 NA _ Not Analyzed 

c llih I l/II 



L 

TABLE 8-11 
SUMMARY OF POSITIVE SURFACE WATER ANALYTICAL RESULTS 
STUDY AREA H - AREA A WEAPONS CENTER; 

) 

I I c 
SEMlVOlATlLES (WA) 

NSB-NLON, GI 
2wcsw3 
2wcsw3 
12l19l93 
PHZ-1 

Unfillered 

OTON, CONNI 
mcsw5 

2wcsws 

12119l93 

PH2-1 
Unfiltered 

:TICUT 

II II II II 
II 

BUM BENM PHTHAIATE I I 2J I 10 u I I I I 
DI-N-OCTYL PHTHALATE 1 J 10 u 
INORGANICS (UGR) 

cD MANGANESE 24 7 28.1 48.0 XLL 

$Lj SODIUM 2750 2620 2990 .-LI 7, 
ZINC 120 135 27.0 U r 
MISCELLANEOUS PARAMETERS WIGILl 

1 HARDNESS as CaC03 I I 20 I 12 I I I I 1 c 



TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNEiZTlCUT 

DRAINAGEAREA-1 ORAINAGEAKEA-1 DRAiNAGEAREA- ORAlNAG& AREA-1 DRAINAGE AREA-l DRAINAGE AREA-1 DRAINAGE AREA-1 
SAMPLE DATE: 

INVESTIGATION: 

6 
BENZO(B)FLUORANTHENE 160 J 410 UJ 4600 4400 350 J 620 4900 

BENZO(G,H,I)PERYLENE 96J 410 UJ 1700 2400 170 J 720 u 3500 

BENZO(K)FLUORANTHENE 120 J 410 UJ 2100 1600 690 U 630 J 5100 u 

BENZOIC ACID 61 J 77 J 190 J 600U 690 U 102 J 164 J 

BlS(2-ETHYLHEXYL)PtiTHALATE I 550 u I 1100 .J I 780 u I 600U I 690 U I 1aoou I 14QOu 

BUTYL BENZYL PHTHALATE 550 u 410 UJ 52 J 600U 690 U 720 u 570 u 

I’ 
(1 II 
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TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H - AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNE’CTlCUT 

SAMPLE NUMBER: 

LOCATION: 
ZONE: 
SAMPLE DATE: 

INVESTIGATION: 
SAMPLE TYPE: 

SEMIVOLATILES IUG/KGI 

2wCSDl 2wCSDll 2WCSD14 2WCSD140 2wCSO15 2WCSD2 2wCSO3 
2WCSDl 2WCSDll 2WCSD14 2WCSD14 2WCSD15 2WCSD2 2WCSD3 
DRAINAGE AREA- 1 DRAINAGE AREA-l DRAINAGE AREA-l DRAINAGE AREA-l DRAINAGE AREA-1 DRAINAGE AREA. 1 DRAINAGE AREA-l 
03mt94 12/20/93 la21193 12l21l93 12J21l93 03lO9l9.l 03lw94 
PH2-1 PHZ-1 PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

PYRENE I 250J I 410 UJ I 4600 I 4ooo 
PESTlClDESlPCBs (UGIKG) 

I 370 J 1 1200 I 6900 I 

LEAD 204 J 7.9 127 646 35.1 53.7 J 46.0 J 3 
. MAGNESIUM 3430 1490 5310 4710 5360 4160 2790 ma 

. MANGANESE 315 150 1460 954 172 423 141 ;;8 

? MERCURY 0.16 U 0.12 u 0.2 u 0.16 u 0.52 0.26 u 0.15 u = 51 

0 

iii NICKEL 13.1 5.6 25.6 16.7 16.3 20.9 12.6 

iiig 

3-L 



TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNEiZTlCUT 

SAMPLE NUMBER: 2wCSDl 2wCSDll 2WCSDl4 2wCSDl4D 2WCSDlS 
LOCATION: 2wCSDl 2wCSDll 2wCSD14 2wCSD14 2wcso15 
ZONE: DRAINAGE AREA- 1 DRAINAGE AREA-l DRAINAGE AREA.1 DRAINAGE AREA.1 DRAINAGE AREA-l 
SAMPLE DATE: 03/09&l 12J20/93 12l2li93 12Qll93 12ml93 
INVESTIGATION: PH2-1 PHZ-1 PH2-1 PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB e 
INORGANICS (MO/KG) 

2WCSD2 2WCSD3 

2WCSD2 2WCSD3 
DRAINAGE AREA-l DRAINAGE AREA. 1 

03lO9l94 03mm4 

PHZ-1 PH2-1 
GRAB GRAB 

i POTASSIUM 

C;i 



TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H - AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNE’CTICUT 

SAMPLE NUMBER: 2WCSDlO 2WCSDl2 2WCSD8 2WCSD9 WCSDIJ 
LOCATION: 2WCSD10 2WCSDl2 2WCSD8 2WCSD9 2WCSD13 
ZONE: DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-3 
SAMPLE DATE: Olfo6f94 12l21193 12Ql193 12/21/93 12l21193 
INVESTIGATION: PHZ-1 PH2-1 PH2-1 PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB GRAB GRAB GRAB 

12J2w93 

PH2-1 

GRAB 

2WCSDS 

2WCSD5 

DRAINAGE AREA3 

l2Qol93 

PH2-1 

GRAB 

1 ,l ,l-TRICHLOROETHANE I I I 18 u I 13 j I 
METHYLENE CHLORIDE 

TETRACHLOROETHENE 10 u 6J 
TOLUENE 18 u 4J 

TRICHLOROETHENE 18 u 22 --__--_--.___ 
SEMIVOIATILES MO/KG\ 

I 56OU I 530 u I 430U I 600U I 31 J I 630 U 1 

-- ~- .____ - ____ ,- -, 
2-METHYLNAPHTHALENE 510 u 

ACENAPHTHENE 510 u I 56OU I 53OU 430U 

ACENAPHTHYLENE 510 u 56OU 530 u 430 u ! 600U ! 90J 1 630 U I 

* I 
! 600U ! 36J j 630 U 

I 

ANTHRACENE 510 u 56OU 530 u 43OU 6oolJ 160 J 630 U 

BENZO(A)ANTHRACENE 160 J 95J 63 J 70 J 120 J 2700 J 250 J 

BENZO(A)PYRENE 140 J 110 J 76 J 73 J 130 J 2400J 210 J 

BENZO(B)FLUORANTHENE 350 J 220 J 150 J 160 J 140 J 25OOJ 220J 
BENZO(G,H,I)PERYLENE 510 u 59 J 47 J 47 J 100 J 760 J 5; j 

BENZOWFLUORANTHENE 510 u 56OU 530 u 43OU 120 J 2100 J 246-i 

BENZOIC ACID 61 J 93 J 530 u 430 u 600U 190 J 110 J 

BIS(2-ETHYLHEXYL)PHTHALATE 530 u 56OU 530 u 430 u 6WU 710 u 630 U 

BUTYL BENZYL PHTHALATE 510 u !%OU 530 u 430 u 6CKIU 600 UJ 630 U 

CARBAZOLE 510 u 56OU 530 u 430 u 6ooU 5OJ 630U 

CHRYSENE 660 190 J 110 J 130 J 160 J 3300J 420 J 

Dl-N-BUTYL PHTHAIATE 510 u 564lU 530 u 430 u 6OOU 600U 630 U 

DI-N-OCTYL PHTHAIATE 510 u 560U 530 u 430U 600U 72 J, 630 U 

DlBENZO(A,H)ANTHRACENE 510 u 56OU 530 u 430 u 60OU 160 J 630 U 

DIBENZOFURAN 510 u 56OU 530 u 430 u 6ooU 600U 630 U 

FLUORANTHENE 180 J 190 J 120 J 100 J 170 J 2600 470 J 

FLUORENE 510 u 56OlJ 530 u 430U 6OOU 80 J 630 U 

INDENO(1,2.3-CD)PYRENE 86J 71 J 51 J 49 J 99J 1200J 98 J 

NAPHTHALENE 510 u 560U 53OU 430 u 600U 87 J 160 J 

q PHENANTHRENE 110 J 120 J 77J 43OU 6WU 720 25OJ 
0 

ii 
PHENOL 510 u 56OU 539U 430 u 6M)lJ 6OOU 630 U 
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TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNEiZTlCUT 

SAMPLE NUMBER: 

LOCATION: 
ZONE: 

SAMPLE DATE: 
INVESTIGATION: 

SAMPLE TYPE: 

SEMIVOLATILE~ (UGIKG) 

2WCSD10 2wCSDl2 2WCSD8 2WCSD9 2WCSDl3 2WCSDJ WCSM 
2WCSD10 2WCSD12 2wCSD8 2WCSD9 2WCSD13 2wcso4 2wcsD6 
DRAINAGE AREA-2 DRAINAGE AREA.2 DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-3 DRAINAGE AREA-3 DRAINAGE AREA-3 
01/o6i94 12/21/93 12/21/93 12l2ll93 12ml93 lz2al93 12l20193 
PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 PH2-1 
GRAB GRAB GRAB GRAB GRAB GRAB GRAB 

I 

COBALT I 7.1 J I 53 I 56 I 77 I 46 I 56 I 144 1 -.- I -- ..- -.- 

COPPER 168 J 23 4 23.6 61 U 29.5 39.4 57.2 

IRON 23800 24600 31200 6920 24600 32700 23700 

LEAD 28.0 27.1 22.6 6.7 30.9 49.9 204 

1 MAGNESIUM ! 4720 ! 5080 1 4860 ! 2630 I 5020 1 5540 ! 4310 I 

MANGANESE 153 168 483 I 79.8 I 160 I 220 I 2640 
MERCURY 0.27 J 0.29 0.16 I 0.14 I ~~~~ 

I 
0.42 I 0.38 1 0.16 I 

NICKEL 13.1 J 15.5 13.6 I 4.7 J I 14.0 I 18.5 I 31.5 1 



TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNECTICUT 

SAMPLE NUMBER: 

LOCATION: 

ZONE: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

INORGANICS (MO/KG) 

2WCSDlO 2WCSDl2 WCS08 2WCSD9 2WCSDl3 

2WCSD10 2WCSDl2 2WCSD6 2WCSD9 2WCSD13 
DRAINAGE AREA-Z DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-2 DRAINAGE AREA-3 

01/06/94 12Qll93 1x21/93 12Rll93 12Qll93 
PHZ-1 PH2-1 PH2-1 PH2-1 PH2-1 
GRAB GRAB GRAB GRAB GRAB 

2WCSD4 2wcsD5 

2wcso4 2WCSD5 
DRAINAGE AREA-3 DRAINAGE AREA-3 

12f2m3 12Qw93 
PH2-1 PH2-1 
GRAB GRAB 

POTASSIUM 235OJ 3090 2B40 2150 4020 3580 

SELENIUM 067 J 073 UJ 0.66 u 0.51 UJ 0.96 u 1.0 u 0.75 u 

SILVER 064 u 0.73 UJ 0.63 UJ 0.51 UJ 0.74 UJ 0.79 UJ 1.1 u 

SODIUM 356 J 209 u 163 U 69.3 U 273 U 580 156 u 

THALLIUM 096 u 037 u 0.31 u 0.26 u 0.37 u 0.39 u 0.34 J 

VANADIUM 47.1 41 5 33 4 17.5 37.2 44.5 56.7 

ZINC 40.5 J 434 62.2 17.3 40.5 61.9 292 
MISCELLANEOUS PARAMETERS (MO/KG) 

TOTAL ORGANIC CARBON I I I I 1 I 1 16OW I 
:’ 



H 

TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON. CONNE’CTICUT 

SAMPLE NUMBER: 

LOCATION: 

ZONE: 

SAMPLE DATE: 

INVESTIGATION: 

SAMPLE TYPE: 

VOLATILES (UGIKG) 

1,l ,l-TRICHLOROETHANE 

METHYLENE CHLORIDE 

TETRACHLOROETHENE 

TOLUENE 

TRlCHLOROETHENE ---- _-_-_-__-- 
SEMIVOLATILES WGMGl 

zWCSD6 ZWCSD7 

2WCSD6 2wCSD7 
DRAINAGE AREA.3 DRAINAGE AREA-3 

12f21193 12mf93 

PH2-1 PH2-1 
GRAB GRA0 

11 u 

11 

11 u 

11 u 

11 u 
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TABLE 8-12 
SUMMARY OF POSITIVE SEDIMENT ANALYTICAL RESULTS 

E! 
STUDY AREA H -AREA A WEAPONS CENTER: NSB-NLON, GROTON, CONNEkTlCUT 

2 

SAMPLE NUMBER: TNCSIX 2WCSD7 

LOCATION: 2wCSD6 2WCSD7 
ZONE: DRAINAGE AREA-3 DRAINAGE AREA-3 

SAMPLE DATE: 12mm 12mt93 

INVESTIGATION: PH2-1 PH2-1 
SAMPLE TYPE: GRAB GRAB 

SEMIVOLATILES (UWKG) 
. 

1 PYRENE I 5305 I 2sm 1 I I I I 
PESTICIDESIPCBs (UGIKG) 

I 



TABLE 8-12 
SUMMARY OF POSlTlVE SEDIMENT ANALYTICAL RESULTS 

x 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNE;CTICUT 

q SAMPLE NUMBER: 2wcslx 2WCSD7 

s LOCATION: 2wCSD6 2WCSD7 
ZONE: DRAINAGE AREA.3 DRAINAGE AREA-3 

SAMPLE DATE: 12Qll93 1 mom 
INVESTIGATION: PHZ-1 PH2-1 

SAMPLE TYPE: GRAB GRAB 

INORGANfCS (M/KG) 

I ZINC I 549 I to3 u I I I I I I 

. 



“) 

5 
TABLE 8-13 
SUMMARY OF POSITIVE TOXICITY CHARACTERISTIC LEACHING PROCEDURE ANALYTICAL RESULTS (SEDIMENT) 
STUDY AREA H -AREA A WEAPONS CENTER; NSB-NLON, GROTON, CONNf%TICUT 

1 SAMPLE NUMBER: 1 2WCSD2 

INVESTIGATION: PHZ-1 

SAMPLE DATE: 03/09/94 
LOCATION: 2WCSD2 

SAMPLE TYPE: GRAB 

STATUS: 

TCLP METALS (MGIL). 

BARIUM (1 OO.O/lO.O) 

H 

l Fedcrpl Toxkity Characteristk Regulatory Level (68 FR 4604S)/Connectkut Remediation Standard Pollutant Mobility Criteria for GB waters. 



TABLE 8-14 

SUMMARY OF PHASE II SEDIMENT ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Drainage Area 1”) Drainage Arsr 2f” Drainage Area 3R 

Analyta Frequency of Conoantration location of Frequency of Concentration location of Fraquency of Concrntntion Loortian of 
Ostaction hwa Maximun Detection fwla Maxfmmn Oetaction NmJa Maximum 

Detection Deteotion lhotion 

VOLATILE ORGANICS fug/kg) 

Toluene 113 2 2WCSDl p&q'" 113 4 2WCSD5 

Tetrachloroethene 013 ND NA 113 8 2WCSD5 

1 ,l, l-Trichloroethane o/3 ND NA ‘/3 13 2WCSD5 

Trichloroethene 013 ND NA 113 22 2WCSD5 

Methylene chloride 113 12 PWCSDI 1 NA 313 10-22 2WCSD4 

SEMlVOLATlLE ORCANICS lug/kg) 

c, 
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TABLE 8-14 (Continued) 
SUMMARY OF PHASE II SEDIMENT ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Drainaoe Area I”’ I Drxinaor Area 2’4 I Drainaoa Araa Ip’ I 

Analyte Frequency of 

Detection 

” ” - 

Concclntration location of Frequency of Concentration location of Frequency of Concrntration location of 

fmla Maximum Detaetion Range Maximwn Detection fmfa Maximutt 

Ostaotion I Detection I Detection 

Fluoranthene 516 1 270 - 6900 1 2WCSD3 1 414 I IOO- 190 1 2WCSDl2 I 515 1 170 - 2800 1 2WCSD4 

Fluorene 316 46 - 140 2WCSD3 O/4 ND 215 76 - 80 2WCSD4 

Indeno(l,2,3-cd)pyrene 516 86 - 3300 2WCSD3 414 49 - 86 2WCSDlO 515 98-1200 2WCSD4 

P-Methylnaphthalene 016 ND O/4 ND 115 31 2WCSD4 
I I I I I I 1 I 

Naphthalene I O/6 ND O/4 ND I 3/5 1 36 - 160 1 2WCSD5 

Phenanthrene 616 140 _ 2300 2WCSDl4 314 77 - 120 2WCSDl2 415 210 - 1300 2WCSD7 
-I 

Pyrene 516 250-6900 2WCSD3 414 120 - 270 PWCSDI 0 515 270 - 5200 2WCSD4 

Benzoic acid 516 77- 190 2WCSDl4 214 61 -93 PWCSDI 2 315 IIO- 190 2WCSD4 
; ” 

Carbazole 416 31-660 2WCSDl4 o/4 ND 215 50-230 2WCSD7 
1 I 

Dibenzofuran I ia 
216 86 - 87 I 2WCSDl4 I O/4 I I ND I l/5 I 45 1 2WCSD7 

I I I I I I I I I I I 
PESTlClDESlPCSs iue/kgl 
Alpha-Chlordane 013 ND NA 113 6.4 2WCSD5 
Gamma-Chlordane O/3 ND NA 113 7 2WCSD5 

I 1 I 

4.4’-DDD I 213 I 6.6-32 I 2WCSDl I I I NA I l/3 I 6.5 1 2WCSD4 

4,4,-DDE ‘I3 52 2WCSDl NA 013 ND ND 

4,4’-DDT 213 IO-24 PWCSDI NA 213 IO-60 2WCSD4 

Endosulfan sulfate 113 6.8 2WCSD3 NA 113 7.6 2WCSD5 
1 I I 

Endrin I 113 I 10 1 PWCSDII I I NA I 213 I 15- 18 1 2WCSD5 

Endrin aldehyde 

Heptachlor 

Methoxychlor 
INORGANICS h&g1 

Aluminum 

Antimony 

013 ND NA 213 59 - 140 2WCSD5 

II3 2.8 PWCSDI NA o/3 ND ND 
= 

o/3 ND NA 113 37 2WCSD5 run 38 
=z 

616 2560 - 26400 2WCSDl4 414 4550 - 13700 2WCSDl2 5/5 3510 - 16900 2WCSD6 $2 

316 5.1 - 15.0 2WCSD2 ‘I4 7.8 2WCSDlO 015 ND 2-L 



TABLE 8-14 (Continued) 
SUMMARY OF PHASE II SEDIMENT ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

1 Analyts 

Arsenic 

Barium 

I Bervllium 

Drainage Araa I”’ 

~ 

3/6 1 0.62 - 1.1 1 2WCSD2 

Frequency of 

hootion 

414 

414 

II4 

Drainage Area 2f4 

Concentration 

MP 

1.6 - 8.4 

location of 

Maxfmrxn 

Ostection 

2WCSD12 

LWCSDIO 

Fraqwmoy of 

lhtootion 

515 

515 

Drainqp Area 391 

Concantration 

hIa 

1.2 - 13.5 

17.0 - 94.1 

location of 

Maximrrn 

Datoction 

2wcsD6 

2WCSD5 56.5 - 78.8 I I I 
0.53 I PWCSDIO I Of5 I I ND I 

Boron 216 25.8 - 37.5 PWCSDI 4 214 29.3 - 30.2 2WCSD12 515 11.0 - 39.7 2WCSD4 

Cadmium ‘I6 1.0 2WCSD3 O/4 ND 215 1.1 - 29.5 2WCSD5 

Calcium 616 680 - 3250 2WCSD14 414 1440 - 2150 2WCSD8 515 922 - 3290 2WCSD5 

1 Ch romium I 6/6 I 11.4 - 65.2 I 2WCSD15 I 414 I 8.0 - 50.5 I 2WCSD12 I 415 1 27.8 - 97.5 1 2WCSD6 1 

Cobalt 6/6 2.3 - 13.4 2WCSD14 4/4 2.2 - 7.1 2WCSDlO 515 2.2 - 14.4 2WCSD5 

Copper 516 16.2 -37.7 PWCSDI 4 314 16.8 - 23.6 2WCSD8 415 29.5 - 57.2 2WCSD5 

Iron 6/6 6430 - 51600 2WCSD2 414 6920 - 31200 2WCSD8 515 6940 - 32706 2WCSD4 

I Lead I 6/6 1 7.9 - 127 1 2WCSD14 1 414 I 6.7 - 28.0 i 2WCSDlO 1 515 1 3.5- 204 1 2WCSD5 1 

Magnesium 616 1490 - 5380 2WCSD15 414 2630 - 6080 2WCSD12 515 1160-6140 2wcsD6 

Manganese 616 141 - 1480 ZWCSDI 4 414 79.8 - 483 2WCSD8 515 101 - 2640 2WCSD6 

Mercury l/6 0.52 2WCSD15 414 0.14 - 0.29 PWCSDI 2 415 0.18 - 0.60 2wcsD6 

Nickel 616 5.6 - 25.8 2WCSD14 414 4.7 - 15.5 2WCSD12 515 3.3 - 31.5 2WCSD5 

Potassium 516 1410- 3920 2WCSD15 414 2150 - 3090 2WCSD12 415 2060 - 4020 2WCSD6 

Selenium 016 ND ‘I4 0.67 2WCSDlO 015 ND 

Silver 2/6 1.7 - 1.9 2WCSD2 O/4 ND 015 ND 

Sodium 

Thallium 

3/6 163 - 314 2WCSD2 ‘I4 356 2WCSDlO 215 580- 1120 2wcsD6 

‘I6 0.36 2WCSD14 o/4 ND ‘I5 0.34 2WCSD5 

c /I c, c Ii/I 



TABLE 8-14 (Continued) 
SUMMARY OF PHASE II SEDIMENT ANALYTICAL RESULTS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Analyte 

Vanadium 

Zinc 

Drainage Area 1”’ Drainage Area 2f4 Drainaga Araa 3pt 

Frequency of Concentration Location of Frequency of Concentration location of Frequency of Concentration Looation of 

Dataction flange hlaximwr Datcction knga Maximun Detection bnge Maximum 

Detaction Detection Bataction 

616 8.0 - 62.2 2WCSD14 414 17.5 - 47.1 PWCSDlO 515 12.8 - 56.7 2WCSD5 

6/6 42.6 - 274 2WCSD2 414 17.3 - 82.2 2WCSD8 415 40.5 - 292 2WCSD5 

TCLP fmg/Ll 

1 Barium (lOO.OO/lO)~~ I 111 I 0.248 2WCSD2 I NA I I NA 

1 Includes samples PWCSDl, 2WCSD2. 2WCSD3, 2WCSDll. 2WCSD14, 2WCSD14-D (field duplicate of 2WCSD14) and 2WCSD15. Duplicate sample results are 
averaged and counted as one sample. 

2 Includes samples 2WCSD8. 2WCSD9, 2WCSD10, and 2WCSD12. 
3 Includes samples 2WCSD4, 2WCSD5, 2WCSD6, 2WCSD7, and 2WCSD13. 
4 Not Analyzed. 
5 Not Detected. 
6 Values in parentheses represent Federal Toxicity Characteristic Regulatory Level (58 FR 46049)/Connecticut Clean-Up Standard Pollutant Mobility Criteria for GB waters. 
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TABLE 5-15 

CHEMICALS OF CONCERN AND EXPOSURE CONCENTRATIONS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Exposure Concentratlon(” 

Chemical of Concern Sutiace Soil 1 All Soil 1 Groundwater Surface Water 

1 ,P-Dichloroethane 

1 ,1,2-Trichloroethane 

Trichloroethene 

(w/kg) 
NAt2) 

NA 

NA 

(w/W 
NA 

NA 

NA 

(w/L) @w/L) 
0.003(3) NA 

0.003(3) NA 

0.003(3’ NA 

Benzo(a)anthracene I 0.6812.1 1 0.39/2.1 1 NA NA 

Benzo(b)fluoranthene 

Boron 

Cadmium I NA I NA I NA I 0.0036/0.0066 

Chromium I NA 1 30.7/78.7 1 0.0083/0.0232 1 NA 

I NA NA 1 0.0039/0.0089 1 NA 

Manganese 172/257 1 211/390 1 3.42/5.07 I NA 

Thallium I NA I NA 1 0.0045/0.0082 1 NA 

Vanadium I NA I NA I NA I NA 

Sediment 

@w/kg) 

NA 

NA 

NA 

2.3 

4.9 

2.7 

0.29/0.87 

1.9 

5.2/15.0 

8.4 

0.65/l .1 

NA 

NA 

459/2640 

NA 

42.7 

1 UCL if single concentration presented, otherwise average for CTE and maximum for RME. For 
groundwater, maximum is defined as the highest average concentration in a single well, and 
average is defined as the overall average concentration of all well-specific averages. 

2 NA - Not applicable. Chemical is not a chemical of concern for this medium. 
3 Maximum. Chemical detected infrequently. 
4 Dissolved fraction only. Antimony not detected in unfiltered samples. 

D-01-95-10 8-74 CT0 129 



TABLE 8-16 

ESTIMATED RISKS”’ 
STUDY AREA H - AREA A WEAPONS CENTER 

NSB-NLON, GROTON, CONNECTICUT 

Inaranmntal Caesar Risk Hazard Index 

d Future Residant Full-Tima Employaa 
I 

Construction 

Worker I 
Future Rasident 

I 
Exposure Route 

RME 1 CTE RME CTE RME CTE RME 

1.4E-7 1.3E-6 7.5E-8 2.8E-5 

NA 2.7E-7 1.2E-7 4.2E-6 

NA NA NA 6.3E-4 

NA NA NA 5.6E-6 

1.4E-7 1 SE-6 Z.OE-7 6.7E4 

2.1E-2 1 3.6E-2 1 1.8E-1 1 1.7E-2 1.3E-1 1 1.9E-2 6.1E-6 Incidental Ingestion of Soil 

Dermal Contact with Groundwater ~1” 1 NA 1 1.5E+O I 6.1E-1 NA 3.9E-7 

6.4E-5 

* 

NA -fn9&ion of Groundwater 

7.9E-7 I Inhalation of Volatiles in Groundwater NA 

6.1 E-6 6.6E.S I Cmulativr Risk: 

1 Chemical-specific risks presented in Appendix F.7. 
2 RME - Reasonable Maximum Exposure. 
3 CTE - Central Tendency Exposure. 
4 NA - Not applicable; exposure route not evaluated for this receptor. 



TABLE 8-17 

ECOLOGICAL CHEMICALS OF CONCERN 
FOR TERRESTRIAL AND AQUATIC RECEPTORS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern 

Aluminum X X NA NA NA NA NA NA NA NA NA NA 
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TABLE 8-17 (Continued) 
ECOLOGICAL CHEMICALS OF CONCERN 
FOR TERRESTRIAL AND AQUATIC RECEPTORS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Terrestrial Receptors 

Soil 
Invertebrates 

Short-Tailed 
Shrew 

Aauatic Recedors I . . 

Red-Tailed 
Hawk 

Surface Water Sediments Chemical of Concern 
Terrestrial 
Vegetation 

Antimony 

Copper NA 

Iron NA 

Mercury 

Nickel 

NA 

NA 

Selenium 

Vanadium 

Zinc I NA 

I 1 

MEAN MAX MEAN MAX 

NA NA NA X 

NA NA NA NA 

X NA NA NA 

NA NA NA NA 

NA NA NA X 

NA NA NA NA 

NA NA NA NA 

X NA NA NA 
I 1 

X 1 NA 1 NA 1 NA 
I I I 

NA 1 NA 1 NA 1 NA 

MEAN 1 MAX 1 MEAN 

NA 1 NA 1 NA 

NA NA NA 

NA NA NA 

X NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

MAX MEAN MAX MEAN 

NA NA NA NA 

NA NA X X 

NA NA X NA 

NA NA X X 

NA NA NA NA 

X X X NA 
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- TABLE 8-18 

MAJOR CONTRIBUTORS TO RISK FOR AQUATIC RECEPTORS 
BASED ON MAXIMUM SURFACE WATER CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Cadmium 2.5E + 1 

Lead 2.1E+l 

Zinc l.lE+l 

Iron l.lE+O 

D-01-95-10 8-79 CT0 129 
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TABLE 9-19 

MAJOR CONTRIBUTORS TO RISK FOR AQUATIC RECEPTORS 
BASED ON AVERAGE SURFACE WATER CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Cadmium 1.4E+l 

Lead 1.7E+ 1 

Zinc 6.OE+O 

D-O 1-95-l 0 8-80 CT0 129 
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TABLE 8-20 

HAZARD QUOTIENTS FOR BENTHIC INVERTEBRATES 
BASED ON MAXIMUM SEDIMENT CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

D-01-95-10 a-81 CT0 129 
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TABLE 8-21 

HAZARD QUOTIENTS FOR BENTHIC INVERTEBRATES 
BASED ON AVERAGE SEDIMENT CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Gamma-Chlordane 3.6E+2 

4,4’-DDE 

Endrin aldehyde 

Methoxychlor 

9.3E+O 

8.OE+O 

5.9E+O 

Endosulfan sulfate 

Selenium 

5.3E +0 

4.7E+O 

Heptachlor 

Cadmium 

4.2E +0 

4.OE+O 

4,4’-DDD 

Endrin 

3.OE+O 

3.OE+O 

4,4’-DDT 

Copper 

2.4E +0 

1.6E+O 

Chromium 

Mercury 

1,4E+O 

1.2E+O 

D-01-95-10 8-82 CT0 129 
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TABLE 8-22 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MAXIMUM SOIL CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Aluminum 1.9E+2 

Chromium 

t Vanadium 

1.2E+l 

9.OE+O 

1 Antimony I l.lE+O I 

D-01-95-10 8-83 CT0 129 



Revision 1 

March 1997 

TABLE 8-23 

HAZARD QUOTIENTS FOR TERRESTRIAL VEGETATION 
BASED ON MEAN SOIL CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

Chemical of Concern Hazard Quotient 

Aluminum 1.3E+2 

Chromium 9.8E+O 

Vanadium 7.4E+O 
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TABLE 8-24 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MAXIMUM CONCENTRATIONS 

SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

d-Tailed Hawk 

Indeno(l,2,3Cd)pyrene 

All others 
Total Receptor HI 

Pathway 

Soil 
Food 
Water 

7.8E-1 17.9 
4.4E+O 

Total HI per Pathway % Contribution of Pathway 
to Total Receptor HI 

2.9E+O 66.3 
lSE+O 33.4 
1.4E-2 0.3 
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TABLE 8-25 

MAJOR CONTRIBUTORS TO RISK FOR TERRESTRIAL VERTEBRATES 
BASED ON MEAN CONCENTRATIONS 
SITE 20 - AREA A WEAPONS CENTER 
NSB-NLON, GROTON, CONNECTICUT 

3ed-Tailed Hawk 
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